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@ Cyclosporins. 

Q\ Cyclosporins in which the amino acid residue at position 1 
iseither derived from 2-carboxyazetidine, 2-carboxypyrrolidine 
(proline) or 2-carboxypiperidine, which may optionally be 
substituted on a ring carbon atom other than that at position 2 
by an amino, methylamino, mercapto or hydroxy group, said 
group optionally being in derivative form, and/or by an acyclic 
aliphatic hydrocarbon group, or is an amino acid residue 



(CH 2 ) n X 




wherein n is 0, 1 or 2, X represents an amino, methylamino, 
mercapto or hydroxy group which may optionally be in 
derivative form, R represents hydrogen or, when n is 1 or 2 and 
X represents an amino, methylamino, mercapto or hydroxy 
group, or when n is 0 and X represents an amino, methylamino 
or mercapto group, R represents an acyclic aliphatic hydrocar- 
bon group, and R' represents hydrogen or methyl; and/or the 
amino acid residue at position 2 is an amino acid residue 



-NH- ch -CO- wherein Ri represents an acyclic aliphatic 
hydrocarbon group of four or more carbon atoms optionally 
substituted at the Ci position by an amino, methylamino, 
mercapto or hydroxy group or such a group in derivative form, 
are of therapeutic value in various contexts in which the 
cyclosporins are used, for example as anti-bacterial agents and 
particularly as immunosuppressive and anti-inflammatory 
agents. 
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CYCLOSPORINS 



The present invention relates to cyclosporin derivatives, their production and their use for therapy 
The cyclosporins comprise a group of cyclic, poly-N-methylated undecapeptides having valuable 
therapeutic properties, particularly as immunosuppressive and anti-inflammatory agents although it has been 
suggested that they may also be useful in the treatment of schistosomiasis (Bueding et al. Agents and Actions 
II. 1981. 380), diabetes (Stiller etal. Science, 1984, 223, 1362) and AIDS (Walgate, Natu7e7l985. 318, 3) 
It is an object of the present invention to provide cyclosporin analogues of modified structure 
Accordingly the present invention comprises a cyclosporin in which the amino acid residue at position 1 is 
either derived from 2-carboxyazetidine, 2-carboxypyrrolidine (proline) or 2-carboxypiperidine, which may 
optionally be substituted on a ring carbon atom other than that at position 2 by an amino, methylamino 
mercapto or hydroxy group, said group optionally being in derivative form,, and/or by an acyclic aliphatic 
hydrocarbon group, or is an amino acid residue 

R^ / (CH 2 )nX 

R ' CH 
I I 
— N CH CO — 
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wherein n is 0, 1 or 2, X represents an amino, methylamino, mercapto or hydroxy group which may optionally be 
in derivative form, R represents hydrogen or, when n is 1 or 2 and X represents an amino, methylamino 
mercapto or hydroxy group, or when n is 0 and X represents an amino, methylamino or mercapto group R 
represents an acyclic aliphatic hydrocarbon group, and R' represents hydrogen or methyl; and/or the amino 
acid residue at position 2 is an amino acid residue 

-NH- ch -CO- wherein Ri represents an acyclic aliphatic hydrocarbon group of four or more carbon atoms 
optionally substituted at the Ci position by an amino, methylamino, mercapto or hydroxy group or such a 
group in derivative form. 

Examples of cyclosporins according to the present invention are known cyclosporins incorporating the 
residues just described at position 1 and/or position 2. 
A preferred group of acyclic undecapeptides according to the present invention has the formula (I) 



to— A n — A r 
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A8 A7 A6 — A5 — A4 



(I) 
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in which At is either derived from 2-carboxyazetidine, 2-carboxypyrrolidine (proline) or 2-carboxypiperidine 
which may optionally be substituted on a ring carbon atom other than that at position 2 by an amino, mercapto 
or hydroxy group and/or by an acyclic aliphatic hydrocarbon group, or is an amino acid residue 



R 



R 1 
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.fl- 
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(CH 2 ) n X 
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55 wh ® rein n ls °- 1 or 2 - x represents an amino, methylamino, mercapto or hydroxy group, R represents 
hydrogen or an acyclic aliphatic hydrocarbon group, for example of 1 to 10 and particularly of 1 to 6 carbon 
atoms, and R' represents hydrogen or methyl; A 2 is an amino acid residue 
?' 

-NH- ch -CO- wherein is an acyclic aliphatic hydrocarbon group, for example of 1 to 6 carbon atoms 
60 optionally substituted at the C, position of the group R, by an amino, methylamino. mercapto or hydroxy 
group, but with the proviso that when R, is a group of less than four carbon atoms then Ai is a heterocyclic 
amino acid residue or is an amino acid residue -R'N-CH(CHR(CH 2 ) n X)-CO- wherein either (a) R is hydrogen or 
(b) R is an acyclic aliphatic hydrocarbon group and either n is 0 and X is an amino, methylamino or mercapto 
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qroup or n is 1 or 2 and X is an amino, methylamino, mercapto or hydroxy group; A 3 is a sarcosine residue; A 4 
is an N-methyl-leucine residue; As is a valine residue; A 6 is an N-methyl-leucine residue; A 7 is an alanine 
residue- Aa is an alanine residue; A 9 is an N-methyl-leucine residue; A10 is an N-methyl-leuc.ne or sarcosine 
residue 1 and An is an N-methylvaline residue; or such a cyclic undecapeptide in which one or more of any 
amino, methylamino, mercapto or hydroxy group present in Ai or A 2 is in derivative form. 5 

Preferences among the various residues constituting the undecapeptide (I) are as follows. Subject to the 
provisos expressed hereinbefore, the residue A, may conveniently contain a group (CH 2 )„X wherein n is 0 or 
particularly 1 and X is an amino (especially when n is 1) or a hydroxy group (especially when n is 0) and may 
conveniently contain a group R which is hydrogen or Ci-e alkyl or alkenyl group, for example an isopropyl, ethyl 
or particularly a methyl group, or especially a 1-methylpentyl or preferably a 1-methylpent-3-enyl group. In 10 
general and particularly in the case of these last two mentioned groups R, R' is preferably methyl but it may 
conveniently also be hydrogen in some other cases, in particular in the case where R is hydrogen, n is 1 and X 
is amino. Groups Ai of the type R'N-CH-(CHR(CH 2 ) n X)-CO- of some particular interest thus have a group R' 
which is methyl or hydrogen, a group (CH 2 )„X which is hydroxy, or aminomethyl, and a group R which is 
hydrogen (especially when (CH 2 ) n X is amino or aminomethyl and R' is hydrogen) or which is 1 -methylpentyl or is 
1-methylpent-3-enyl (especially when (CH 2 ) n X is hydroxy and R' is methyl). 

As regards the heterocyclic amino acid residues Ai, which are of some particular interest, those residues 
containing a 6-membered or particularly a 5-membered ring system are of most interest and these may 
conveniently be substituted by an amino, methylamino, mercapto or hydroxy group, particularly the last 
mentioned of these. Such substitution is of particular interest at the ring carbon atoms alpha and beta to that 20 
carrying the carboxy group. The ring may be substituted by an acyclic aliphatic hydrocarbon group (for 
example as described for R), more often in conjunction with substitution by an amino, methylamino, mercapto 
or hydroxy group and such substitution is again of most interest on the ring carbon atoms beta or particularly 
alpha to that carrying the carboxy group, and may conveniently be on the same carbon atom as that carrying 
an amino, methylamino, mercapto or hydroxy group. Preferred residues Ai of this type are 3- and 4- 25 
hydroxy-2-carboxypiperidyl and especially 3- and 4- hydroxyprolyl (in either the cis or the trans configuration) 
Subject to the provisos expressed hereinbefore, the residue A 2 may conveniently contain a group Ri which 
is Ci-e alkenyl or particularly a Cm alkyl group. Examples of such groups are isobutyl, isopropyl and methyl, 
and particularly n-butyl. n-propyl and ethyl. Ri may also conveniently be a Ci- 6 alkenyl or particularly a Ci-e 
alkyl group substituted at the Ci position thereof, particularly by a hydroxy group. Examples of such groups 30 
are anv of those alkyl groups just specifically described for unsubstituted groups Ri substituted but carrying a 
C, hydroxy group substituent, for instance 1-hydroxylpropyl and 1-hydroxy-1-methylethyl and especially 
hvdroxymethyl and particularly 1-hydroxyethyl. A« may conveniently be an N-methyl-leucine residue. 

As reqards the stereochemistry of the compounds, certain configurations of the various residues are 
preferred Thus, residues Ai to A 7 and A 9 to Ai 1 are conveniently of the L-configuration at the alpha carbon 35 
atom whilst residue A 8 is conveniently of the D-configuration. In residue Ai the asymmetric carbon atom of 
the group CHR(CH 2 )„X may be of either configuration but is preferably of the L-configuration and in one of the 
preferred cases where R is a 1-methylpentyl or 1-methylpent-3-enyl group as s" 0 ^,^ 1 ™ bein 9 
-CH2-CH2- or -CH = CH-) the relative configurations of Ai at (a), (b) and (c) are preferably S.R.R although 
other stereochemistries (S.R.S and S.S.R) in which position (a) is S(L) may be considered as may the R,S,S 40 
configuration When X' is -CH = CH- the arrangement of the double bond is conveniently trans. 




It will be appreciated that when the residue Ai contains a substituted heterocyclic ring system the amino 
methylamino, mercapto or hydroxy group may be cis or particularly trans to the residue of the carboxy group at 
the 2-position of the ring and where the ring is also substituted by an aliphatic hydrocarbon group further 
possibilities for isomerism will exist. 

Examples of specific compounds according to the present invention include the compound (II) and 
derivatives thereof (all residues being of the L-configuration at the alpha carbon atom except where otherwise 
indicated and the full configuration of (Me)Bmt being S,S,R) 



45 



CH(b) ^ 
R'N CH< a ) CO- 
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(Me)Leu-(Me)Val-(Me)8mt~Nle-Sar 
| 10 11 1 2 3 

5 (Me)Leu 9 

| 8 7 6 5 4 
(D)Ala-Ala-(Me)Leu-Val-(Me)Leu 
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(II) 
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fZt (Me)Bmt is replaced by the dihydro version thereof [(4R)-4-but-1.yl- 

S m G0 T e] w b K y ( A M K E,Ser ' (M6)Thr ' (Me)CyS ' Dab ' Dpr or H VP < or its ^-hydroxy equivalent)and/oV in 
Jf 1 ; 6 ,s r *P ,ac ° d b * fbu Thr, Nle, Ser, Ala or Val but not when (Me)Bmt or (Me)Thr is present aYpoS on 

ilr^H nnn t,Ve H there >° f ' Th t abbreviations used in identif y fn 9 the amino acids from which the revues Se 

derived in ( I) and vanat.ons thereof are as follows (Me in brackets indicating the N-methyl derivative of the 

amino acid): Bmt : (4R)-4-but-2E-en-1-yl-4-methyl-threonine aenvauve or tne 

Abu : 2-aminobutyric acid 

Sar ; sarcosine 

Val : valine 

Leu : leucine 

Ala : alanine 

Ser ; serine 

Thr : threonine 

Cys : cysteine 

Dab : 2,4-diaminobutyric acid 
Dpr : 2,3-diaminopropionic acid 
Hyp : 4-hydroxyproline 
Nva : norvaline 
Nle : norleucine 

thrS S th° o rinS , aCC t ° rdin 9 to the P^sent invention are conveniently obtained by synthesis, for example 
wnth«'( h h ? ° f f "^peptide P^pared by one of the various general methods of peptide 
synthes.s which are descnbed in the literature of peptide chemistry. Such methods generally involve the 
trt?! n n UP ,k 3 P ,T dS fr ° m 6ither thS N " ° r m ° re USually ,he C-terminus thereof either with single amino 
S h ■ ? P P I f c ° nta,n,n 9 a 9 rou P of amino acid s. the terminus of the added amino acid or peptide 
SS^ ' s des,red shou,d no ! react b *"9 Protected by a group which is removed prior to the subsequent 

ft mil a ,i am,n ° T d ° r pGPtide 3nd at ,eaSt one of the reac,in 9 termin » °ften being in activated form 

It may also be necessary to protect certain additional reactive groups in some amino acids or peptides to 
prevent reaction occurring at these groups during the synthesis 

h„?H« r M f rftH ed | aPPr0aC I 1 inV0,V6S 3 s y nthesis - of eith er the solid phase or preferably the classical type, which 
tTr J* T undeca P eDtlde H-AvAs^^-As-Ae-Ar-Aa-A^A^-A, ,-OH starting from H-A„-6h and 
succes S1 vely adding pephdes or preferably single amino acids thereto. By this means an oc tapeptide 

obtained [n wNcif A T A 5? I nona P e P tide H-A3-A 4 -A s -A 6 -Ar-A 8 -A 9 -A 1 o-A 1 ,-OH are 

N moth i' i 11 3re 33 def ' ned ab0Ve with A, ° bein 9 a sarcosine or particularly an 

5 H Cme reS ! d , Ue ' f, nd the nona P e P tide may then be used as an intermediate for the preparation of a 
f? undecapeptides H-A^Aa-A^As-As-Az-Aa-As-A^-An-OH containing a variety of residues £ and 

Tucce s l P .v 9 l°h TV aPePtid6S C ° ntainin9 3 Vanety ° f r6SidUeS A1 and A2 ' ?he nonapeptide being reacted 
dtoe^Hde H A A nlT rema,n,n 9 am,no acids t0 give the undecapeptide via the decapeptide or with a 
and un2t™, h ?h VS , he undeca P e P t,de directly. These octapeptides. nonapeptides. decapeptides 

and undecapeptides, are therefore mcluded by the present invention for their value as intermediates in the 

m^oTt^^^ may be " derivative f0rm - such derivativisat^on lo^ one o" 

nVa^^cSbo'xyTou^s Wh6re Pr6Sent ' (M ^ * a " d termina. aLo or 

^ A fnS rdS derivativisation of groups in the cyclosporins and in the octapeptides. nonapeptides 
JSn?m^!i"?^'^3f ,e9e derivatives ™* be ° f va "ous forms including Srethane derSes or 
A ether dSS nf°h 9 H° UP8 - hydraZid6 ' 3mide 3nd P articulari y ester derivatives of carboxy groups, ester 
amto or mfthv 3 ! hvd ro*y groups and benzyl and suphityl derivatives of mercapto groups In addition an 

~nnn 2rt!SK 0 SS (PartiCUlar 'r ^ " 3 reSidue Ai or A2 as described hereinbefore, may be 
present m denvatised form as an acyl group R"CONH- or R"CONCH 3 -, or R"SOaNH- or R-'SCbNCH,- 
pa^cularly one ,n wh,ch R" is hydrogen or an acyclic aliphatic hydrocarbon group such as £ £ d 
espec.ally methyl as opposed to a cyclic aliphatic hydrocarbon or a heterocyclic or hydrocarbon aromaSc 
group such as phenyl or substituted phenyl. Specific examples of such groups R<< Jfo/^Z ^Tly 
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be stated however that the derivatives of most interest are those in which one or more of the various groups 
referred to hereinbefore are substituted by a protecting group conventionally used in peptide chemistry, for 
example benzyloxycarbonyl, t-butyloxycarbonyl and 9-fluorenylmethoxycarbonyl groups for the protection of 
amino and methylamino groups (as well as acyl groups), and the formation of t-butyl esters (and ethers in the 
latter case) for the protection of carboxy groups and hydroxy groups. Another form of derivativisation involves 5 
the formation of salts, particularly salts with a physiologically acceptable acid or base for in vivo use of the 
compounds, for example salts formed between an amino or methylamino group and an acid such as 
hydrochloric acid, methane sulphonic acid, isethionic acid, tartaric acid and other solubilising acids and salts 
formed between the carboxy group and a base such as an alkali metal hydroxide, for example sodium 
hydroxide, quaternary ammonium hydroxides and amines such as tris (tris represents 2-amino-2-hydroxy- 10 
methylpropane 1 ,3-diol) . Yet a further form of derivativisation involves the formation of a heavy metal complex. 
It will be appreciated that when such derivatives of the cyclosporins are employed in pharmaceutical 
compositions they may in some cases exhibit an effect by behaving as a prodrug which releases the 
corresponding non-derivatised cyclosporin in vivo . 

Preferences among the octapeptides, nonapeptides, decapeptides and undecapeptides correspond to 15 
those described for the cyclosporins and specific examples of these peptides correspond to the specific 
cyclosporins described herein and also to those peptide compounds given in the Examples including the 
corresponding deprotected compounds, for example H-Sar(Me)Leu-Val-(Me)Leu-Ala-(D)Ala-(Me)Leu- 
(Me)Leu-(Me)Val-OH and H-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-(D)Ala-(Me)Leu-(Me)leu-(Me)Val-OH. 

In building up the peptides the diphenylphosphinic acid mixed anhydride coupling method may conveniently 20 
be used in conjunction, for example, with N-terminal protection by a benzyloxycarbonyl group and carboxy and 
hydroxy group protection by a tertiary butyl group. The procedures employed utilise conventional techniques 
of peptide chemistry and are illustrated in the Examples. Derivatives may be formed by the use of conventional 
procedures described in the art, for example using standard reagents for the insertion of conventional 
protecting groups and by reaction with acids or bases to form salts and with heavy metal haiides to form 25 
complexes. Following preparation of the linear undecapeptide this is cyclized by one of various standard 
procedures, that using the Castro reagent Bt-OP(NMe 2 )3 + PF 6 " being of particular value. (Bt represents the 
benzotriazolyl anion present in this reagent.) 

The present invention thus includes a process for the preparation of a cyclosporin in which the acyclic 
undecapeptide which corresponds to the cyclosporin cleaved between positions 1 and 11 is cyclized. 30 

It has been found that the addition of successive amino acids or peptides in the form of the mixed anhydride 
with diphenylphosphinic acid is of particular value for the synthesis of peptides containing amino acids in 
which the nitrogen atom is substituted by a methyl group (or other aliphatic hydrocarbon group, for example 
one as described hereinbefore). The presence of a number of N-methylated amino acids among the residues 
Ai to An makes this technique of especial applicability in the synthesis of the octa-, nona-, deca- and 35 
undeca-peptides of the present invention. The technique has been found to result in very low levels of 
racemisation of the N-substituted amino acids as compared with other coupling procedures and generally to 
give particularly high yields of pure products. 

The present invention thus includes a method for the coupling of a first amino acid N-substituted by an 
aliphatic hydrocarbon group or a first peptide containing such an amino acid, particularly at the C-terminus 40 
thereof, with a second amino acid or a second peptide in which the first acid or peptide is reacted in the form of 
a diphenylphosphinic acid mixed anhydride thereof with the amino group of the second amino acid or the 
terminal amino group of the second peptide. In such a method reactive groups such as the amino group of the 
first amino acid or the terminal amino group of the first peptide and the carboxy group of the second amino 
acid or the terminal carboxy group of the second peptide, and other free amino, carboxy and hydroxy groups, 45 
etc., will usually be in protected form. 

The cyclosporins according to the present invention may be formulated for use as pharmaceuticals for both 
veterinary and particularly human use by a variety of methods. For instance, they may be applied as a 
composition, for example an aqueous, oily or emulsified composition, incorporating a liquid diluent which may 
often be employed in injectable form for parenteral administration and therefore may conveniently be sterile 50 
and pyrogen free. Oral administration may however also be used. Although compositions incorporating a liquid 
diluent may be used for oral administration, it is more usual to use compositions incorporating a solid carrier , 
for example a conventional solid carrier material such as starch, lactose, dextrin or magnesium stearate. Such 
solid compositions may conveniently be of a formed type, for example as tablets, capsules (including 
spansules), etc. 55 

Other forms of administration than by injection or through the oral route may also be considered in both 
human and veterinary contexts, for example the use of suppositories or pessaries. Another form of 
pharmaceutical composition is one for buccal or nasal administration or alternatively drops for administration 
into the eye which may conveniently contain a sterile diluent. 

Compositions may be formulated in unit dosage form, i.e. in the form of discrete portions containing a unit 60 
dose, or a multiple or sub-unit of a unit dose. 

The undecapeptides of the present invention are of interest for use in various contexts in which known 
cyclosporins are used, for example as anti-bacterial agents or more particularly as immunosuppressive and 
anti-inflammatory agents, for example in organ transplantation and in the treatment of auto-immune disease 
and of rheumatoid arthritis. The compounds are of especial interest as potentially possessing an 65 



5 
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advantageous spectrum of activity as compared with the known cyclosporins. Thus, the known cyclosporins 
tend to exhibit disadvantageous effects in addition to the beneficial ones. There is therefore a need for 
compounds in which the beneficial effects are enhanced and/or the undesirable effects are reduced, which 
result can be achieved, inter alia , from an ability to use a compound at a lower dosage rate at which the former 
effects are substantially maintained whilst the latter are reduced. Whilst dosage levels may depend on the 
intended use, the mode of formulation and the particular compound (I) which is being used, it may be stated by 
way of guidance that a daily dose in the range of 1 to 100 or 500, particularly 20 to 80 mg/kg body weight is 
often appropriate, repeated if necessary in a daily regimen and/or in several separate treatments. It will be 
appreciated however that dosages below or above this range may be used where appropriate. In particular, 
dosage levels of as low as 0.1 or even 0.01 mg/kg may be considered, coupled with a preferred range of 
dosage of 0.1 to 10 mg/kg, for example 1 to 10 mg/kg, there being suggestions from in vitro data that the 
compounds may be of value at quite low doses. 

The present invention thus includes a method of treating bacterial infections, inflammation or conditions 
requiring immunosuppressive treatment in patients which comprises administering to the patient a 
15 therapeutically effective amount of a compound (I) as defined hereinbefore. 

The invention is illustrated by the following Examples of which Examples 1 and 2 relate to the synthesis of 
the same N- and C-terminally protected octapeptide by different routes, Example 3 relates to a N- and 
C-terminally protected nonapeptide and Example 4 to the same nonapeptide in C-terminally protected form. 
Examples 5 to 8 relate to N- and C-terminally protected decapeptides and Examples 9 to 12 relate to the same 
20 group of decapeptides in C-terminally protected form. Examples 13 to 23 relate to N- and C-terminally 
protected undecapeptides and Examples 24 to 42 relate to N-terminally protected and N- and C-terminally 
deprotected undecapeptides. Examples 43 to 52 relate to cyclic undecapeptides. 

25 EXAMPLES 

Solvents were dried and distilled prior to use, THF and DMF dried over CaH 2) the latter being distilled in 
vacuo, and stored over molecular sieves type 5A. Liquid chromatography separation was performed on a silica 

30 gel column using Kieselgel (60-230 mesh ASTM) with a variety of solvent systems. Hplc was carried out using a 
Spectra Physics SP8700 fitted with a 25 x 0.46 cm ODS Chromopak C18 column eluting with CH3CN/H2O 
gradients at a flow rate of 1.5 cm 3 /min. Gel filtration was carried out using Sephadex LH20 or Sephadex G10 
eluting with DMF and water respectively. Fractions were monitored by uv absorbance at 280 nmm (Unicord III) 
or by optical rotation (Thorn-Bendix 143D polarimeter). In some cases column eluant was also monitored by 

35 hplc at 230 nm. 

Melting points were recorded on a Kofler block and are uncorrected. Optical rotations were measured on a 
Bendix type 153 automatic polarimeter (1 cm cell) using the sodium D line. I.R. spectra were determined using 
sodium chloride cells or rock salt flat plates on a Perkin Elmer 1320 spectrometer. *H N.m.r. spectra were 
recorded either on a Perkin Elmer R34 (220 MHz) or a Bruker WM250 (250 MHz) spectrometer. (The proton 
40 signals are assigned to the groups to which they are believed to correspond.) Mass spectra were recorded on 
a VG 7070E spectrometer using E.I., C.I., DCI and FAB (electron impact, chemical ionisation, direct chemical 
ionisation and fast atom bombardment, respectively) as ionisation systems. 

The following standard abbreviations are used in the Examples: 
THF = tetrahydrof uran ; 
45 DMF = dimethylformamide; 

DppCi = diphenylphosphinic acid; 
NMM = N-methylmorpholine; 
EtoAc = ethylacetate; 
DCM — dichloromethane; 
50 NB - nitrobenzyl; 

Z = benzyloxycarbonyl ; 
Bu t = tertiary butyl; 
DMAP 4-dimethylaminopyridine. 
The various protected amino acid used as intermediates in the Examples are prepared as follows. 



55 



(1) N-Z protected, C-unprotected, N-unmethylated amino acids 



The protected amino acids Z-Val-OH, Z-D-Ala-OH. Z-Ala-OH, Z-Sar-OH and Z-Abu-OH were prepared from 
the corresponding unprotected amino acids by the methods of Bergmann etal, Ber., 1932, 65, 1 192 and Carter 
60 et al , "Organic Synthesis", ed Horning, J. Wiley, New York, 1955, 3, 167. ~~ 



(2) N-Z protected, C-unprotected, N-methylated amino acids 



Z-(Me)-Leu-OH and Z-JMeJThrfBu^-OH were prepared from the corresponding N-Z protected C-unpro- 
65 tected ammo acids by the method of Cheung et al, Con.J.Chem. 1973, 51, 1915. 
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(3) N-Z protected, C-t-butylated, N-methylated amino acids 

Z-(Me)Leu-OBu l and Z-fMeJVal-OBu* were prepared from the corresponding N-Z protected, Ounprotected 
N-methylated amino acids using the method of Anderson, J.Am.Chem.Soc, 1960, 82, 3359 and Roeske, 5 
Chem.lnd., 1959, 1221. 

(4) hHMelLeu-OBu* and H-tMejVal-OBu* 

Z-tMeJLeu-OBu* and Z-fMeJVal-OBu 1 were each dissolved in methanol and hydrogenolysed in the presence 10 
of 100/o Pd/C catalyst for twenty-four hours. The catalyst was removed by filtration and the filtrate evaporated 
to qive an oil which was subsequently purified by fractional distillation under (0.5 mmHg) to give the title 
compound in each case as an oil of b.p. 48°C (yield 71<Vo) and 44°C (yield 89<Yo) respectively. 



(5) Z-(Me)Ser(Bu t )-QH 



Z-SeMBu^-OH (12 g 407 mM) and methyl iodide (20 cm 3 , 320 mM] were dissolved in freshly distilled THF 
(120 cm 3 ) at 0°C and sodium hydride dispersion (5.28 g, 120 mM) was added cautiously with gentle stirring. 
The suspension, protected from the atmosphere by a drying tube was stirred at 4°C for seventy hours and the 
reaction worked-up in the usual way. The title compound was obtained as an oil (12.07 g, 960/o) ; [a] 25 - 4.1 (c 



1.2, CH 3 OH) 
(6) Fmoc-tMelThrtBu^-OH 



15 



20 



100/0 Na 2 C0 3 (5 cm 3 ) was added to a solution of H-(Me)Thr(Bu')-OH (2 g, 10.5 mM) in water, followed by 25 
dioxan (16 cm 3 ). The mixture was cooled to 0°C and Fmoc.CI (2.7 g, 10.5 mM) added over a period of forty 
minutes, while maintaining the pH at 8.7, by addition of 10% Na 2 C0 3 . The ice-bath was removed half an hour 
after the addition of Fmoc.CI was completed, after which time it was poured into water (500 cm 3 ). After 
washing with ether (x 3) the aqueous layer was cooled and acidified with 1M KHSO4, extracted into EtOAc, 
washed with water and brine. Solvent evaporation gave a foam which was purified on a silica gel column elutmg 30 
with EtOAc/CH 2 CI 2 1 :8. Evaporation of the appropriate fractions afforded the title compound as a white foam 
(2 g, 450/o); m.p., 44-46°C; [a] 20 + 12.8° (c 1, CH3OH). 



(7) Boc-Pab(Fmoc)-OH 



35 



(a) H-Dab(Fmoc)-OH 

Cupric sulphate (1 .4 g, 5.5 mM) in (5.5 cm 3 ) water was added to a stirred solution of H~Dab-OH,2HCI (2 g, 0.5 
mM) and NaOH (0.8 g, 0.02 mM) in water (44 cm 3 ), and the resulting mixture stirred for one hour. 9-Fluorenyl 
succinimide carbonate (3.2 g) was then added dropwise with vigorous stirring and the resulting mixture stirred 
at room temperature for three days. The precipitate resulting was filtered, washed with water and dried. 
Excess ethylene diamine tetraacetic acid disodium salt was then added to one litre of boiling water, , and the 
suspension kept at boiling point for ten minutes. The product was filtered, washed with water and dried in high 
vacuo over phosphorus pentoxide, (3.4 g, 940/o), m.p., 166°C. 



(b) Boc-Pab(Fmoc)-OH 



H-Dab-(Fmoc)-OH (3.4 g, 0.01 mM) was added to a solution of Na 2 C0 3 (0.7 g) in water (5.1 cm 3 ) and 
dioxan/water (20 cm 3 /9.9 cm 3 ) and stirred with cooling (ice-salt bath). Di-tert-butyl carbonate (2.4 g, 11 mM) 
was then added and the mixture stirred at 0°C for one hour and room temperature for twenty-two hours. 
Dioxane was then evaporated and the residue basified to pH 10 with aqueous Na 2 C0 3 . After extraction into 
EtOAc to remove excess di-tert-butyl carbonate, the aqueous layer was acidified with 1M KHSO4. Extraction 
into EtOAc, washing the organic layer with water and brine, drying (MgS0 4 ) and solvent evaporat.ori , gave .a 
white solid. This was recrystallised from EtaO to give the title compound (2.2 g, 50Q/o); m.p., 79-80 c, 
[a] 20 - 12.7° (c 1, CH3OH). 



(8) Z-HyptBu^-OH 



(a) Z-HyptBu'l-ONB 



40 



45 



50 



55 



60 



Isobutylene (660 cm 3 ) and concentrated H 2 S0 4 (6.6 cm 3 ) were added to a solution of Z-Hyp(Bu )-ONB (65 
g 0 16 mol) in CH 2 Cl 2 (660 cm 3 ). The butylation vessel was stoppered and the reaction mixture gently stirred 
for five days. The product was then washed with water and brine, after addition of 2N Ma 2 C0 3 (50 ml). Solvent 65 
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evaporation gave a yellow oil, (30 g, 410/ 0 ); [ a ] 2 o - 18.3° (c, 1.2, CH3OH). 
(9) Z-Hyp(Bu t )-OH 

5 2M NaOH (778 cm3) was added to a solution of Z-HypfBuVONB (30 g, 0.07M) in acetone (527 cm3) and 
water (132 cm3) t and the mixture stirred at room temperature for two and a half hours. The solvent was 
removed in vacuo and the residue washed with ether. The aqueous layers were cooled and acidified with 1M 
KHSO4, and extracted with EtOAc. The organic layer was then washed with water and brine and dried over 
Na 2 S0 4 - Solvent evaporation gave a solid, which was recrystallised from ether/petroleum-ether to aive the 
10 title compound (18 g, 860/0); m.p., 76-78°C; [a] 20 -29.1° (c 1, CH3OH). 
The following general procedures were employed in the Examples. 

General tert-butylat ion of C-terminal carboxvl group and hydroxy side chain of amino acids 

The N-benzyioxycarbonyi-N-methyl amino acid (0.21 mot) was dissolved in dichloromethane (300 cm3) in a 
pressure vessel containing concentrated H 2 S0 4 (5 cm 3 ). The butylation vessel was cooled to -40 to -60° C 
and condensed isobutylene gas (450 cm 3 ) was added with gentle stirring. The vessel was then sealed and the 
reaction mixture stirred at room temperature for five days. The vessel was then cooled to -10° C the seal 
removed and excess isobutylene allowed to evaporate. The solution was allowed to reach 0°Cand then 
brought to pH 9 with sodium carbonate (25g/150 cm 3 H 2 0). The solvent was removed by evaporation and the 
oily residue was dissolved in ethyl acetate, washed successively with 1M NaHC0 3 . and water and dried over 
anhydrous Na 2 S0 4 . Solvent evaporation gave the tert-butylated product which was generally purified by silica 
gel chromatography using a variety of solvent systems. 

25 Coupling using the diphenylphosphinic mixed anhydride method 

A solution of the N-protected amino acid (1.1 equiv.) and NMM (2 equiv.) in THF (2.4 mM/cm 3 ) was cooled to 
-20 C and DppCI (1 .1 equiv.) added. The reaction mixture was stirred for ten to twenty minutes at -20° C and a 
pre-cooled solution of the amino component (1 equiv.) in THF (2.4 mM/cm 3 ) added. The suspension was 
30 stirred for one to two hours at -20° C and at ambient temperature for 24-48 hours. The solvent was evaporated 
and the residue taken up into ethyl acetate, washed successively with brine, 1M KHSO4, 1M NaHC0 3 and 
water. The organic phase was dried over Na 2 S0 4 and evaporated to give a residual oil or solid containing trace 
amounts of diphenyl phosphinic acid. Products were generally purified by silica gel chromatography using a 
variety of solvent systems. y 



15 



20 



35 



Example 1 : Z-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 



40 



(1) Z-(Me)Leu-Val-(Me)Leu-OH 



(a) Z-Val-(Me)Leu-OBu t 



mi ? t 9 ' °* 14 mM) ,n THF (6 ° Cm3) was activated w 'th DppCI (34.9 g, 0. 14 mM) in THF (60 cm 3 ) and 
45 NMM (18.7 cm 3 , 0.14 mM) and coupled with H-fMeJLeu-OBu* (24.3 g, 0.12 mM) in THF (60 cm 3 ) according to 
the general procedure. The mixture was stirred at -20° C for one hour and room temperature for twenty-four 
hours. The solvent was evaporated and the residue worked up as described in the general method final 
purification on silica gel eluting with EtOAc/DCM (1/2) gave the title compound (51.2g 91<V 0 ) m p 54-56°C 
' 6 r (C 1 °' CH3 ° H >- Calculated for C24H38N2O5 : C, 66.33; H. 8.81 ; N, 6.45. Found: C, 66.36' H 8 98' N 
50 6.460/0. 6H (220 MHz, CDCI3). 0.91 (6H, m, -CH 3 , (Me)Leu), 1.02 (6H, m, f}-CH 3 Val), 1,45 <9H s OBu')' 
HI ' (2H ' m ' P" CH2 ' ( Me )*-eu), 1.91 -2.10 (2H, m, 0-CH, Val, -CH, (Me)Leu), 3.05 (3H s N-CH3) 
tH'it^ ( 1 ^^ a - CH ' Va| )^.08 (2H.s, PhCH 2 ), 5.21 -5.30 (1H. m, a-CH(Me)Leu). 5.63 (1H,d, N-H.Val) and 
7.37 (5H f s, ArH), m/z (M*. DCI). R t 12.2 min. 

55 (b) H-VaHMeJLeu-OBu* 

Z-Val-(Me)Leu-OBu l (38 g, 85 mM) in methanol (150 cm 3 ) was hydrogenolysed over 100/0 Pd/C (5 g) at 
atmospheric pressure for twenty-four hours. The catalyst was removed by filtration and the solvent evaporated 
to give a white foam (22.5 g 93<>/o). 

60 !ff V ?«r\ ( o!fo5 H3C i H): 5h <220 MHz " CDC| 3) - 0-88 - 1.09 (12H. m. -CH 3 . (Me)Leu. p-CHa." Val), 1.45 (9H. s 
w * \ L "J* 9 (3H ' m ' P " CH2 ' " CH * ( Me > Leu >. 2 47 (1H. m. p-CH. Val), 2.97 (3H, s, N-CH 3 ), 3.80 (1 H m a-CH 
Val), 5.38 (1H. t, a-C-H(Me)Leu), and 7.29 (2H, br., -NH 2 ), m/z 300 (M* DCI) 
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(c) Z-tMelLeu-VaHMelLeu-OBu 1 

Z-(Me)Leu-OH (23.3 g, 84 mM) in THF (30 cm 3 ) was activated using DppCI (19.9 g, 84 mM)in THF (30 cm 3 
and NMM (9.36 cm 3 , 84 mM and coupled to H-Val-fMeJLeu-OBu* (21 g, 70 mM) in THF (20 cm 3 ) according to 
the general coupling procedure, being stirred at -20° C for one hour and at room temperature for twenty-four 5 
hours. The residue, after solvent evaporation was worked-up as described in the general method and purified 
by silica gel chromatography eluting with CH 2 CI 2 /EtOAc (3:1). Evaporation of the appropriate fractions gave 
(4) as a colourless oil, (33.2 g, 85<Vo), [a] 23 - 93.4° (c 1.0, CH3OH). Calculated for C31H51N3O6: C, 66.26; H, 
9 15* N, 7.48. Found; C, 66.53; H, 9.25; N, 7.590/o; 5h (220 MHz, CDCI3), 0.69-1.12 (18H, m, -CH 3 (Me)Leu, 
P-CH 3 Val), 1.33 (9H, s, OBu'), 1.64 - 1.91 (6H, m, p-CH 2 , -CH (Me)Leu), 2.05 (1H, m, p-C-H, (Me)Val), 2.87 (3H, 10 
s, N-CH3), 3.03 (3H, s, N-CH3), 4.71 -4.79 (1H, m, a-CH Val), 5.15-5.25 (4H, m, PhCH 2 , a-CH (Me)Leu), 
6!61 -6.70 (1H, br.s., N-H Val), and 7.38 (5H, s t ArH), m/z 561 (M + , DCI), Rt 13.0 min. 

(2) Z-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 



(a) Z-(Me)Leu-(Me)Val-OBu t 

Z-(Me)Leu-OH (22.26 g, 84 mM) in THF (25 cm 3 ) was activated with NMM (9.36 cm 3 , 84 mM) and DppCI 
(19.92 g, 70 mM) in THF (25 cm 3 ), and coupled with H-(Me)Val-OBu l (13.09 g 70 mM) in YHF (25 cm 3 ), 20 
according to the general procedure, being stirred at -20° C for one hour and at room temperature for 
twenty-four hours. Solvent evaporation gave a residue which was washed in the usual way, the resulting oil 
being purified on a silica gel column eluting with EtOAc/DCM (1:2). Evaporation of the appropriate fractions 
gave the title compound as a colourless oil (31.43 g, 8W0), [a] 23 - 141.8° (c 1.0, CH3OH). Calculated for: 
C26H4 2 N 2 0 5 : C, 66.90; H, 9.00; N, 9.25. Found: C, 66.60; H, 9.05; N, 9.08%; 5h (220 MHz, CDCI3), 0.68 - 1.10 25 
(12H, m, P-CH3 (Me)Val, -CH 3 (Me)Leu), 1.42 (9H, s, OBu 1 ), 1.59 - 1.82 (3H, m, p-CH 2 , -CH (Me)Leu), 2.20 (1H, 
m p-C-H (Me)Val), 2.91 (3H, s, N-CH 3 ), 2.82 - 3.02 (3H, 2s, N-CH 3 Conf.), 4.29 - 4.80 (1H, d x d, a-CH (Me)Val), 

5.02 (1H, m, a-CH (Me)Leu), 5.25 (2H, s, PhCH 2 ), and 7.61 (5H, s, ArH), m/z 448 (M + , DCI), Rt 12.2 min. 

(b) H-tMeJLeu-tMeJVal-OBu 1 30 

Z-fMeJLeu-lMeJVal-OBu* (17.92 g, 0.04 mM) in methanol (100 cm 3 ) was hydrogenolysed in the presence of 
100/o Pd/C catalyst (1 g) at atmospheric pressure, for twenty-four hours. The catalyst was removed by filtration 
and the solvent evaporated to give the title compound as an oily foam (11.07 g, 900/o), [a] 23 - 123.6° (c 1.0, 
CH3OH), 5H (220 MHz, CDCI3), 0.84 - 1.10 (12H, m, p-CH 3 (Me)Val), -CH 3 (Me)Leu), 1.26 (3H, m, p-CH 2 , -CH 35 
(Me)Leu), 1.42 (9H, s, OBu'), 1.91 (1H, m, p-C-H (Me)Val), 2.29 (3H, s, N-CH3), 2.60 (1H, br.s M NH), 3.02 (3H, s t 
N-CH3), 3.47-3.58 (1H, dxd, a-C-H), and 3.80-4.9 (1H, d x d, a-C-H); m/z 314 (M + , DCI). 

(c) Z-(Me)Leu-(Me)Leu-(Me)Val-QBu t 

_ ■ — 4Q 

Z-(Me)Leu-OH (10.04 g, 36 mM) in THF (10 cm 3 ) was activated with DppCI (8.52 g, 36 mM) in THF (10 cm 3 ) 
and NMM (4.08 cm 3 , 36 mM) and coupled with H-(Me)Leu-(Me)Val-OBu t (9.42 g, 30 mM) in THF (10 cm 3 ) by 
the general DppCI method. The reaction mixture was stirred at -20° C for two hours and at room temperature 
for twenty-four hours and worked-up as described in the general procedure. The residue obtained was purified 
by silica gel chromatography eluting with EtOAc/DCM (1 :2). Solvent evaporation of the appropriate fractions 45 
gave the title compound as a sticky white foam (14.85 g, 83<Vo), [a] 23 - 173.5° (c 1.0, CH3OH). Calculated for: 
C32H53N3O6: C, 66.73; H, 9.28; N, 7.29, Found: C, 66.86; H, 9.41; N, 7.53<Vo; fi H (220 MHz, CDCI3), 0.73 - 1.09 
(18H, m P-CH3 (Me)Val, -CH 3 (Me)Leu), 1.48 (9H, s, OBu 1 ), 1.23 - 1.87 (6H, m ( p-CH 2 , -CH (Me)Leu), 2.18 (1H, 
m, P-CH (Me)Val), 2.82 - 2.85 (3H, s, N-CH3 Conf.), 2.87 (8H, 2s, NCH3), 4.15 - 4.76 (1H, dxd, a-CH (Me)Val), 

5.03 f1H, t, a-CH (Me)Leu), 5.21 (2H, s, PhCH 2 ), 5.56 (1H, t, a-CH (Me)Leu), and 7.34 (5H, s, ArH); nrVz 576 50 
(M + 1, FAB), R t 13.6 min. 

(d) H-(Me)Leu-(Me)Leu-(Me)Val-OBu t 

Z-fMeJLeu-tMeJLeu-fMeJVal-OBu* (11.52 g, 20 mM) in methanol (100 cm 3 ) was hydrogenolysed in the 55 
presence of 100/o Pd/C catalyst for twenty-four hours. The solution, after removal of the catalyst by filtration, 
was evaporated to give the title compound as a sticky foam (7.84 g, 89o/o); 8H (220 MHz, CDCI3), 0.74- 1.14 
(18H, m, P-CH3 (Me)Vaf, -CH 3 (Me)Leu), 1.45 (9H, s, OBu*), 1.52 - 1.94 (6H, m, P-CH 2 , -CH (Me)Leu), 2.19 (1H, 
m, p-CH, (Me)Val), 2.48 (3H, s, N-CH3), 3.10 (3H, s, N-CH3), 3.12 (3H, s, N-CH3), 3.88 (2H, m, a-CH), 4.79 (1 H, d, 
a-CH), and 6.37 (IH.-br.d., NH); m/z 442 (M + 1, FAB). ^ 

(e) Z-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 

Z-D-Ala-OH (4.01 g, 18 mM) in THF (6 cm 3 ) was activated by DppCI (4.25 g, 18 mM) in THF (6 cm 3 ) and NMM 
(1.97 cm 3 , 19 mM), and the resulting mixed anhydride coupled to H-(Me)Leu-(Me)Leu-(Me)Val-)Bu t (6.61 g, 15 65 
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mM) in THF (6 cm 3 ). After stirring at -20° C for two hours and at ambient temperature for thirty hours the 
residue was worked-up as described in the general DppCI procedure and purified by silica gel chromatography 
eluting with EtOAc/DCM (1:2). Solvent evaporation of the appropriate fractions gave the title compound as a 
colourless oil, (6.8 g, 800/o); [a]** - 137.7 0 (c 1.0, CH3OH). Calculated for: CasHse^CV C 64 90 ■ H 9 04 ■ N 
8.66. Found: C. 65.00; H, 9.02; N, 8.670/0; 8 H (220 MHz, CDCI3), 0.73-1.11 (18H, m B-CH 3 (Me)Val' 
-CH 3 (Me)Leu), 1.35 (3H, d, CH 3 D-Ala), 1.42 (9H, s, OBu<), 1.48 - 1.82 (6H, m, B-CH 2 , -CH (Me)Leu) 2 17 (1H 
m, p-CH (Me)Val). 2.78 - 2.98 (6H, 4s, NCH 3 Conf.), 3.02 (3H, s, N-CH3), 4.69 (1H, d x d, a-CH D-Ala) 4 74 1H 
m, a-CH (Me)Val), 5.1 1 (2H, s. PhCH 2 -), 5.03 5.66 (2H, m, a-CH (Me)Leu), 5.72 (1H, d, NH-D-Ala) and 7 39 (5H 
s. ArH); m/z 646 (M + , DCI). R t 13.0 min. ' 

(f) H-D-Ala-tMelLeu-tMeJLeu-tMeJVal-OBu* 

Z-D-Ala-dvleJLeu-dvteJLeu-fMelVal-OBu* (6.42 g, 10 mM) in methanol (50 cm 3 ) was hydrogenolysed in the 
presence of 100/o Pd/C catalyst for twenty-four hours. The catalyst was removed by filtration and the filtrate 
evaporated to give the title compound as a sticky white foam, (4.76 g, 93o/o); [a] 25 - 126° (c 1 2 CH3OH)' 6 H 
(220 MHz, CDCI3), 0.77 -1.11 (18H, m, p-CH 3 (Me)Val, -CH 3 (Me)Leu), 1.16 - 1.27 (3H d CH 3 -D-Ala) 1 15 (9H 
s OBu*), 1.34- 1 .83 (6H, m, |3-CH 2 , -CH (Me)Leu), 2.07(2H, br.s., -NH 2 ), 2.18 (1H, m t p-CH, (Me)Val) 2 87 2 94' 
3.01 (9H, series of singlets, N-CH3), 3.85 - 3.99 (1H, q, a-CH D-Ala), 4.72 (1H, d, a-CH (Me)Val) and 4 55 (2H 
2t, a-CH (Me)Leu); m/z 512 (M-M, FAB). 

(g) Z-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-QBu t 

K,E« AIa "° H ( ^" 4 ° 9t 10 8 mM) in ™ F (4 cm3) was activated usin 9 DppCI 2.55 g, 10.8 mM) in THF (4 cm3) and 
NMM (1.2 cm3, 10.8 mM) and coupled to H-D-Ala-fMeJLeu-fMeJLeu-fMeJVal-OBu' (4.68 g 9 mM) in THF (4 
cm 3 ) according to the standard procedure. The reaction mixture was stirred at -20° C for one hour and at 
ambient temperature for twenty-four hours. The residue obtained after work-up by the general method was 
purified by silica gel chromatography using CH 2 CI 2 /EtOAc (2;1) as eluant. Evaporation of the appropriate 
fractions gave the title compound as a white solid (5.18 g, 880/0); m.p., 52-53°C- [a] 23 - 168° (c 1 1 CHCI3) 
Calculated for C38H63N5O5: C, 63.55; H, 8.86; N, 9.75. Found; C, 63.34; H, 8.96' N 9 97%- 8h (220 MHz 
CDCI3), 0.76 - 1.04 (18H, m, P-CH3 (Me)Val, -CH3(Me)Leu), 1.31(3H, d, CH 3 -D-Ala), 1.39 (3H d CH 3 -L-Ala)' 
1^46 (9H, s. OBu'), 1.49 - 1.98 (6H, m, p-CH 2 , -CH (Me)Leu), 2.19 (1H. m, p-CH (Me)Val), 2.79 - 3.03 (9H series 
of singlets, N-CH3), 4.31 (1H, m. a-CH-L-Ala), 4.74 (1H, dxd, a-CH (Me)Val), 4.85 (1H, m, a-CH-D-Ala) 5 07 
(2H. s, PhCH 2 ), 5.49 - 5.56 (2H, m, a-CH (Me)Leu), 5.66 (1H, d, NH-D-Ala). 7.07 (1H, d, NH-L-Ala), and 7 30 (5H 
s, ArH); m/z 717 (M + 1, FAB),R, 13.0 min. 

(3) Z-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-QBu t 

Z-(Me)Leu-Val-(Me)Leu-OH (0.25 g, 0.44 mM) in THF (6 cm 3 ) was activated using DppCI (0.15 g, 0.60 mM) in 
THF (5 cm 3 ) and NMM (0.07 cm 3 , 0.60 mM) and coupled to H-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu f (0 27 
g, 0.45 mM) in THF (5 cm 3 ) according to the general DppCI coupling method. The reaction mixture was stirred 
at 0 to -5- C for one hour and at room temperature for forty-two hours. The residue, after solvent evaporation 
was applied to a Sephadex LH20 column eluting with DMF. Evaporation of the appropriate fractions gave the 
title compound as a white foam (0.13 g, 270/ 0 ); m.p., 65-67°C; [a]™ - 134° (c 1.0, CH3OH). Calculated for 
C57H98N8O11 : C, 63.87; H, 9.22; N, 10.48. Found: C, 63.59; H, 9.29; N, 10.330/o; 5 H (250 MHz CDCI 3 ) 0 77 - 1 03 
(36H, m, p-CH 3 of Vai, (Me)Val, -CH 3 of (Me)Leu), 1.15 (3H, d, CH 3 D-Ala), 1.36 (3H, d CH 3 -L-Ala) 1 44 (9H s 
?™ V™? 7 " 1 - 52 (8H ' m ' P " CH2 < Me > Leu >' 1-84-2.40 (6H, m, p-CH VAI, P-CH (Me)Val, -CH (Me)Leu)' 
2.79 - 3.06 (15H. series of singlets N-CH 3 ), 4.39 - 5.03 (6H, a-CH (Me)Val, Val, Ala. D-Ala (Me)Leu) 5 17 (2H s 
PhCH 2 ), 5.48 - 5.50 (2H. m, a-CH (Me)Leu), 6.65 (1H, d, NH-D-Ala), 6.90 (1H, NH-Val), 7.15 (1H brs NH L-Ala) 
and 7.26 (5H, s, ArH); m/z 1073 (M + 1, FAB); Rt 13.6 min. ' " " 

Example 2: Z-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 
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(1) H-L-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 

2-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu» (29.86 g, 50 mM; prepared as described in Example 1) was 
dissolved in methanol (200 cm 3 ) and hydrogenolysed in the presence of 10% Pd/C catalyst (2 7 g) at 
atmospheric pressure for twenty-four hours. The catalyst was removed by filtration and the filtrate evaporated 

nnri* \ ?°^?o^ f ° 3m ' f23 ' 6 9 ' 95 ° /0,: mp > 70 ' 7 ^°^ M 24 " 195-4° (c 1 .2, CH3OH). 5 H (220 MHz, 
3 ( 8H ' m * P " CH3 < Me > Val * -CH 3 (Me)Leu), 1.22 (3H, d. CH 3 -D-Ala), 1.36 (3H. d, CH 3 Ala) 
J'S? 5?' ^ K 1 - 54 " 2 09 < 6H " m ' P" CH ^ -CH (Me)Leu), 2.20 (1H, m, P -CH (Me)Val ), 
*%l ' ?™ ' ^ S6neS sin 9' ets ' N ' CH3 )' 3.58 (1H, br.s., NH D-Ala). 3.75 - 3.86 (1H. dxd, a-CH (Me)Val) 
4 72 - 4.90 (2H. m, a-CH Ala, D-Ala), 5.56 (2H, 2t. a-CH (Me)Leu), and 7.33 - 7.89 (2H br m -NH?) • m/z 583 
(M+ 1, FAB). ' 
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(2) Z-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)LeLi-(Me)Val-OBu t 

Z-(Me)Leu-OH (16.65 g, 59.7 mM) in THF (40 cm*) was activated using DppCI (14.1 g, 59.7 mM) in THF (40 
cm3) and NMM (5.46 cm3, 59.7 mM) and coupled to H-Ala-D-Ala-(Me)Leu-(M e )Leu-(Me)Val-OBu (29 g 49 J 
mM) in THF (30 cm*), according to the general procedure. The reaction mixture was st.rred at -20 C for three 5 
hours and at ambient temperature for thirty hours. The reaction was worked-up as described for -the general 
DppCI method and the residue obtained was purified on a silica gel column eluting with CH 2 CI 2 /EtOAc (2:1). 
Solvent evaporation of the appropriate fractions gave the title compound as a white solid (36.1 g, 96%); m.p., 
47-48°C- [al 25 - 173° (c 1.0, CH3OH). Calculated for C45H76N6O9: C, 63.91 ; H, 9.10; N, 9.95. Found: C, 64.12; 
H 9 32' N 9 800/o- 8h (250 MHz, CDCI3), 0.76 - 1.03 (24H, P-CH3 (Me)Val, -CH 3 (Me)Leu), 1 .25 - 1.34 (6H, d x d, 10 
CH 3 D-Ala Ala) 1.44 (9H, s, OBu'), 1.77 (3H. m, -CH (Me)Leu), 1.58 - 1.85 (6H, m, p-CH 2 (Me)Leu), 2.17 (1H, m. 
B-CH (Me)Val) 2 77 - 3 00 (9H, series of singlets, -NCH3), 4.39 (1H, t, a-CH L-Ala), 4.71 (1H, d, a-CH (Me)Val), 
4 63-487 (2H m, a-CH D-Ala, (Me)Leu), 5.14 (2H, s, PhCH 2 . 5.39-5.50 (2H, m, a-CH (Me)Leu), 6.57 (1H, 
brd NH-D-Ala), 6.88 (1H, br.s., NH-L-Ala), and 7.38 (5H. s, ArH); m/z 844 (M + , DCI), R, 13.0 mm. 
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(3) H-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

Z-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t (35.8 g, 42.4 mM) in methanol (200 cm3) was 
hydrogenolysed in the presence of 10o/o Pd/C catalyst at one atmosphere for thirty hoursjhe catalyst was 
removed by filtration and the filtrate evaporated to give the title compound as a white foam (28 3 g 940/0), m.p.. 20 
50 52°C- raizs . -,5540 (c CH3OH). Calculated for CgrHroNeOe: C 62.39; H, 9.93; N, 11.82. Found: C, 
61 98- h'9 79- N 11.880/o; 8 H (250 MHz, CDCI 3 ),0.76 - 1.03 (24H, m, P-CH3 (Me)Val, -CH 3 (Me)Leu) 1.24 - 1^36 
Sh d x d CH 3 Ala, D-Ala), 1.45 (9H, s. OBu<), 1.58-1.90 (6H. m P -CH 2 (Me)Leu) 1.9 I (3H «. « 
u p w pu i 2 17 (1H m B-CH (Me)Val). 2.76-2.99 (12H, series of singlets, -NCH 3 ), 4.03 (1H, br.d., 
-NH-(Me)Le^) 4.44 - 5 50 <5H m, a-CH), 6.26 (1H. br.d., NH-Ala), 8.39 (1H, br.d., NH-D-Ala); m/z 710 (M+, 25 
DCI). 

(4) Z-(Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

Z-Val-OH (1 1 45 g 45 6 mM) in THF (30 cm^) was activated using DppCI (10.79 g, 45.6 mM) in THF (30 cm 3 ) 30 
and NMM (5.0 cm*, 45.6 mM) and the resulting mixed anhydride coupled to H-(Me)Leu-Ala-D-Ala-(Me)Leu- 
(MelLeu-tMeJVal-OBu' (27 g. 38 mM) in THF (30 cm*), as described for the general DppCI coup ing procedure. 
The reaction mixture was stirred at -20= C for two hours and at room temperature for forty-five hours. The 
reaction was worked-up as described in the general procedure and the residue subjected to chromatography 
on silica gel eluting with CH 2 CI 2 /EtOAc (2:1 ). Evaporation of the solvent gave the title compound as a wh.te 35 
foam (26 9 q 75o/o) m.p., 69.5°C; [a]™ - 143.1° (c 1.1, CH3OH). Calculated for C50H85N7O10: C, 63.58 H, 
90?N 10 38. Found: C. 63.36; H, 9.05; N, 10.4 8 o/o; 5h (250 MHz, CDC.3). 0.71 - 1.06 (30H m B-CH 3 VaL 
(Me)Vai -CH3 (Me)Leu), 1.31 - 1.34 (6H, d x d, CH 3 Ala, D-Ala), 1.44 (9H, s, OBu'), 1.47 - 1.60 (3H m, -CH 
Me Leu), 1 58- 1 84 (6H, m. B-CH 2 (Me)Leu), 1.99 (1H, m, B-CH Val), 2.14 . (1H m ^p-CH (Me)VaO 2 78 ^01 
12H, series of singlets -NCH 3 ), 4.36 (1H. m, a-CH Ala), 4.46 (1H, m, a-CH I Val). 4 68 (1H, d, a-CH Me Va . 
4.61 - 4.84 (1H, m, a-CH D-Ala). 5.03 - 5.13 (4H. m, PhCH 2 . a-CH (Me)Leu) 5 34 - 5 45 (2H m a-CH (Me)Leu), 
6.58 (1H, br.d.,NH-D-Ala), 6.82-7.01 (2H, br.m., NH-L-Ala, Val), and 7.23 (5H, s, ArH); m/z 943 (M + , DCI), R« 
13.6 min. 

(5) H-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

Z-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu l (26 g, 27.5 mM) in methanol (100 cm^) was 
hydrogenolysed in the presence of 10<Vb Pd/C catalyst for two days Evaporation of the ^solvent, after -removal 
of the catalyst qave the title compound as a white foam, (20.96 g, 940/0); m.p.. 71-72°C; [a] 2 * - 138.9 (c 15. 
CH 3 OH^ ^ Calculated for C 42 H 2 sN 7 0 8 : C 62.25; H, 9.84; N, 12.10. Found: C. 62.20; H, 9.65 N, 12.230/o, 5h 250 
MHz, CDCI3), 0.71 - 1.06 (30H, m, -CH 3 (Me)Leu, P-CH3 Val, (Me)Val), 1.23 - 1.33 (6H, 2c ^CH 3 -Ala C )-Ala) ,144 
(9H, s, OBu'), 1.40 - 1.61 (3H, m. -CH (Me)Leu). 1.50 - 1.84 (6H. m. P-CH 2 (Me)Leu) 1 25 - V .99 (2H, m P-CH 
Val fMelVal) 211 (2H br -NH 2 ), 2.78-3.01 (12H, series of singlets, -NCH 3 ), 4.38 (1H, m, a-CH Ala), 
1 45 - 5 i ?6H a-CH (Me?Leu, (Me)Val, Val. D-Ala), 6.68 (1H, br.d., NH-D-Ala), and 6.95 (1H, br.d., NH-L-Ala) ; 
m/z 809 (M + , DCI). 

(6) Z-(Me)Leu-Val-(Me)Leu-L-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

Z-(Me)Leu-OH (8.56 g. 30.7 mM) in THF (10 cm 3 ) was activated using DppCI (7.26 g, 30.7 mM) in THF (10 
cm") and NMM (3.37 cm*. 30.7 mM) and was coupled to H-VI-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val- 
OBu 1 (20 7 g 25.6 mM) in THF (50 cm 3 ), according to the general coupling procedure. The reaction mixture 
was stirred at -20° C for two hours and at ambient temperature for forty-five hours. The solvent was evaporated 
and the reaction worked-up as described in the general procedure. The residue was subjected to 
chromatography on silica gel eluting with EtOAc/CH 2 CI 2 (1 :1). Evaporation of the appropriate fractions gave 
the title compound as a white solid, (23 g. 9 4 o/o); m.p.. 75°C; [a]" - 133.1" (c 1.2. CH3OH). Calculated for 
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CszHgaNaOi 1 : C, 63.87; H, 9.22; N, 10.48. Found; C, 63.74; H, 9.23; N, 10.33o/o; 6 H (250 MHz, CDCI 3 0 76 - 1 04 
(36H. m. p-CH 3 Val, (Me)Val, -CH 3 (Me)Leu), 1.31 - 1.34 (6H, dxd, CH 3 Ala, D-Ala), 1.44 (9H, s t OBu'), 
..47 - 1.60 (3H, rn, -CH(Me)Leu), 1.61 - 1.70 (8H, m, p-Ch*2 (Me)Leu), 1.98 (1H, m, p-CH Val) 2 15 (1H m 8-CH 
(Me)Val), 2.79-3.06 (15, series of singlets, NCH 3 ), 4.39-4.49 (1H, m, a-CH Ala), 4.69-4 95 (3H m a-CH 
?~*!\^f '^(Me)Val). 5.03 - 5.23 (4H, m, a-CH (Me)Leu, PhCH 2 ). 5.29 - 5.52 (2H, m, a-CH (Me)Leu)' 6 50 (1H 
br.d NH-D-Ala), 6.51 (1H, br.d., NH Val), 6.84 (1H, br.d., NH-L-Ala), and 728 (5H, s, ArH); m/z 1070 (M+ DCI)' 
Fit 13.6 min. — ' 

Example 3 : Z-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

onfaf ar ^°M k i!ff-f^' 74 28 mM) in THF (24 cm*) was activated using DppCi (17.55 g. 74.28 mM) in THF (24 

Si ,T ^'^o^e 4 - 28 mM) 31 " 2 °° C 3nd C0Upled t0 H-(Me)Leu-Val-(Me)Leu-Al a -D-Ala-(Me)Leu- 
(Me)Leu- (Me)Val-OBu' (57.66 g. 61.89 mM) in THF (60 cm3) as described for the general DppCI method The 
reaction mixture was stirred at -15 s C for two hours and at ambient temperature for forty-five hours and was 
worked-up in the usual way. The residue was purified on a silica gel column eluting with EtOAc/CH 2 CI 2 (1 1) to 
give the title compound as a white solid, (45.36 g, 64<>/o) ; m.p., 64°C; [a]** - 131.5° (c 1.1, CH 3 OH) Calculated 
for C 6 oH 10 3N90i2: C, 63.05; H. 9.09; N. 11.03. Found: C, 63.11; H, 9.14; N, IO.88O/0; 5 H (250 MHz CDCb 2 
? a Z ? l ™ 6 ,: 1 06 (36H ' m ' P " CH3 Val - (Me)Val ' Y" CH 3 (Me)Leu). 1.27- 1.36 (6H, d x d, CH 3 Ala, D-Ala) 1 44 
9H s, OBu'), 1.52- 1.87 (12H, m. p-CH 2 , -CH (Me)Leu). 2.04-2.17 (2H, m, P-CH, Val. (Me)Val), 2 80 - 3 07 
18H, ser.es of s. N-CH3). 4.01 - 4.1 1 (2H, dxd, CH 2 . Sar). 4.36 (1H, a-CH, Ala), 4.65 - 4.72 (2H m a-CH Val 
Me)Val), 4 68 - 5.07 (3H. m, a-CH, D-Ala, (Me)Leu), 5.12 (2H, s, Ph-CH 2 -), 5.45 (2H, m, a-CH. (Me)Leu).'6.50 

L « 1 ' ° 3,1 6 63 (1H ' br d - NH ' Val) " 6 82 (1H ' br d - NH-Ala). 7.31 (5H. s, ArH); m/z 1141 (M* DCI) 
Rt 12.0 mm. — ' 
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Example 4 : H-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OB u' 

Z-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' in methanol (150 cm3) was hydro- 
genolysed at atmospheric pressure in the presence of 100/0 Pd/C catalyst for twenty-four hours The catalyst 
was removed by filtration and the solvent evaporated to dryness. The residue was triturated with ether to afford 
the title compound as a white solid, (12.8 g, 970/ 0 ); m.p., 96-97°C; [ap - 154.2° (c 1, CH3OH). Calculated for 
C5 2 H 97 N 9 Oio: C, 61.19; H, 9.70. N, 12.50. Found: C. 61.56; H, 9.73; N, 12.02<>/o; 8 H (250 MHz, CDCI3) 1 04 - 1 76 
fo ' ^oJ;?™ (Me)Leu; P" CH 3- Va| . Me)Va\, 1.29-1.46 (6H. d x d. CH 3 . Ala. D-Ala). 1.43 <9H, s, OBu') 
1.52 - 1.86 (12H, m, p-CH 2 , y-CH, (Me)Leu), 2.15 - 2.45 (3H. m, p-CH, Val, (Me)Val, -NH-Sar) 2 74 - 3 09 (18H 
^ e ? S ML S • 1 ^^? H^, • 4 32 " 4 37 (2H " d X d ' CH °" Sar >. 4 -34 (1H, m. a-CH. Ala), 4.51 - 5.52 (7H. m. a-CH). 6.59 (1H 
br.d., NH. D-Ala), 6.72 (1H. br.d., NH-Val), and 6.84 (1H. br.d.. NH-Ala); m/z 1007 (M*. DCI). 

Example 5 : Z-Abu-Sar- (Me)Leu-Val-(Me)Leu-Ala-D-ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

M»i~^o~, OH (4 „ 4 o 9, 18 8 mM) THF (8 cm3 was activate d using DppCI (4.5 g, 18.8 mM) in THF (5 cm3) and 
», , >L 9 \ , 8 JL m ' at " 20 ° C and cou P |ed t0 H-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
(Me)Val-OBu (12.8 g, 15.7 mM: prepared as described in Example 4) according to the general DppCI 
procedure. The reaction mixture was stirred at -15°C for two hours and at ambient temperature for forty-five 
hours. The reaction was worked-up as described in the usual way and the residue purified on a silica qel 
column eluting with EtOAc/DCM (1 :2). Evaporation of the appropriate fractions gave the title compound as a 
6 2- hT ni 1 ^ f" 84 ° C: [a)24 ■ 1682 ° (C 11 - CH3 ° H) - Calculated for C64H 110 N l0 O 13 : C, 

« ™ w ? • - 4 °- F ° Und: C> 62 29: H ' 909; N ' 1 1 - 280/o: 5h < 250 MHz ' CDCI3 2 Confs.). 0.75 - 1 .06 (39H m 
oi'/^S Val; V-CH 3 -(Me)Leu. P-CH 3 -Abu), 1.25-1.35 (6H, d x d CH 3 -Ala, D-Ala), 1.48 (9H. s, OBu') 
HI ' lit m ' P " CHz ' Y-CH-(Me)Leu), 1.91 (2H. m, p-CH 2 -Abu). 2.02 - 2.15 (2H, m, p-CH-Val, (Me)Val) 

f, ? H 1A r , Se /! e \? t S ' N " CH3) ' 4 26 ' 4 30 (2H ' d x d ' CH 2-Sar), 4.35 (1H. m, a-CH-Ala), 4.50 - 4.90 (3H, m. 

ruluT \ c J 3 ' Va "' 4 94 " 5 07 < 3H ^ m ' «"CH-Abu and (Me)Leu), 5.08 (2H. s, Ph-CH 2 -). 5.46 (2H m 

a"u i fl o 6UK 5 90 (1H ' brd - NH " D - Ala )- 6-55 (1H, br.d., NH-Val), 6.71 (1H, br.d.. NH-Ala). and 7.33 (5H s 
ArH; R, 13.2 mm.; m/z 1225 (M*, DCI). ' ' 

Example 6 : Z-Thr(Bu')-Sa r-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

• Tuc M Mo 1 cm / 99mM - 2 - 5e quiv.) was added to a stirred solution of Z-Thr(Bu')-OH (1.4g,4.4mM, 1 equiv) 

' wT ' 3 , thC miXtUre Stirred at ■ 20 ° C - Dp P CI 91 4 9- 6 mM - 15 eq^iv.) in THF (4 cm3) was then 
added and the resulting mixture stirred at -20° C for twenty minutes 

A pre-cooled solution of H-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' (4 

g, 4 mM 1 equiy.; prepared as described in Example 4) in THF (10 cm3) was then added and the reaction 
mixture stirred at -20 C for one hour, 0-5°C for one hour and room temperature for four days. The product was 
worked-up as described for the general DppCI procedure, to yield an oil which was purified on a silica ael 

% n "/a^r 0 With f !?£ C V E ?, a n P ° rati0n ° f the a PP r °P riate Actions gave the title compound as a white foam 
2.5 g, 480/0); m.p 85°C; [a]*° - 159.5° (c 1, CH 3 OH). Calculated for C 68 H, 18 N 10 0 14 C. 62.87; H. 9 09- N 
10.79. Found: C, 62.48: H, 9.26; N, 10.710/ 0 ; 6 H (250 MHz, CDCI 3 ) 0.78 - 1.07 (36H, m, CH 3 of (Me)Val Me)Leu 
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V.,). 1.13 (3H. d. B-CH 3 O.Thr). 1.2. (9H. Thr. M, 1 .28 - 1 f If* I. m CH, o, Ala ^ ^ P^j 

(5H, s, ArH); m/z 1298 (M + , CI), Rt 14.1 mm. 

Example 7 : z-Nv a -S a r-(Me)Leu-Val-(Me)Leu-Ala-P- Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 

7 Nv* OH (1 79 a 7 14 mM) inTHF (5 cm3) was activated using DppCI (2.11 g. 8.92 mM) I n TH F (5 cm3) and 
nJm M 30 cm3 1 & mM) aV-20»C and coupled to H-Sar-(Me)Leu-Val-(M e )Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 

(2:1) gave .the title compound as . .white ^ SdSS^.^isSoU 
Calculated forC6sHii2NioOi3.0. 62.85, HSlUNy^ruu . 1.29-1.31 (10H. d x d, 

CDCI,. 2 Conf,.) 0.77 - 1 1 03 (« m B ; CH3-<Me "*^° H ' V CH of M,)^l. 2.05 - 2.24 (2H 

<1H, br.d., NH-Ala), and 7.34 (5H. s, ArH), Rt 13.8 m.n.; m/z 1241 (M , DCI). 
Example 8 : Z-Nle-Sar-(Me)Leu-Val-(Me^eu-Ala-D-Ala-(Me)Leu-(M e)Leu-(Me)Val-OBu' 

Z-N.e-OH (1.4 g, 5.2 mM) in THF? (5 cm») was jj^jted using ^^^KS. 
NMM (1.1 g, 10.4 mM) at "f ° C / n ^^^° ae ^^ 

(Me)Val-OBu' (4.8 g, 4.7 mM) as described m the general DppCI <»"P»"S proc described in the 

stirred at -20= C for two hours "™J^2^^e^i5^Ac/DCM (3:1), to give 

general DppCI procedure, the residue was pur Jed on a s ^'f ^| 0 e ' C ° r ^T 4 . 122 6° (c 1 , CH3OH). Calculated for 
the title compound as a white solid (4 6 g. ^ 1Q 1 go/ 0 5 H (220 MHz. CDCI3, 2 Conf.J. 

CeeHiuNnoOia: C. 63.11 ; H 9.15; N, 11.05. Found. C, 62.94 H, . « \ ^ ^ 

0.78 - 1.03 (39H, m, p-CH 3 -(Me)Val and VaU-CHa of (Me)Leu CH3 n*u 1 ^ p-CH-Val, 

P, 5-CH 2 -Nle). 1.44 (9H s, OBu<), 1 53 - 1 JO ™- m - P^** ^ d ° f ^SaS '4.36 (1H. m a^H-A.a), 4.39 
(Me)Val), 2.71 - 3.31 (18H. senes of s. N-CH3). 4.28 I - 4.33 ^H d x d CH 2 *a) a . l CH -(Me)Leu), 5.92 (1H, 
b l H d t KSSSS - S.95 (in, b,d., NH-D-Ala) and 7.34 «5H, 

s. Am). Ri 11.8 min.; m/z 1225 (M*. DCI). 

Example 9 : H-An U -S,r-IMo)Uu-V»l -IM«mu-Ala-D-AI,-(M^)I .U-|Me)L«u-|Me)Val-OBu- 

Example 10 ■ H-ThrlBu»l-Sar.|M e )Uu-V.I-IMelLau-L-Ala-D-Ala- IM e)L e u.lMe)Leu.|Me)Val-OBu ' 
nO*,™^ 

cS^st^^^ 

(M + 1, FAB). 55 
Example 11 - H-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)LeuM Me)Leu-(Me)Va_l^ 

P^D^^ 6.85 \1H, br.d., NH-Ala) ; m/z 1107 (M + 1. FAB). 
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Example 12 : H-Nle-S ar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-fMe)Val-OBu t 

Z-Nle-Sar-^ (5 0 4 prepared as 

described in Example 8) in MeOH (50 cm*) was hydrogenolysed in the presence of IWo Pd/C catalyst (0 2 q) 
^ r l m H 7 "eric pressure for forty-eight hours. The catalyst was removed by filtration and the filtrate 
evaporated to give the title compound as a white solid, (4.9 g, 950/0); m.p., 84-860/oC [a]" - 162 2° fc 1 

(12H, m, CH 3 -Ala, D-AIa. p, 8-CH 2 -Nle , 1.45- 1.48 (9H, s, OBu*), 1.54- 1 85 (12H B-CH* v-CH-fMPll pn> 
h 2 ' 4 , 2 (2H ' u m 0 P- CH " Va »' (Me)Val). 2.79 - 3.20 (18H, series of s N-CH3), 4 20 fi? M. C S % 

Example 13 : 2-(Me) Ser ( Bu'-Nle-S a r-(Me)Leu-Val-(Me)Leu-A l a-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 
J?r S °' Uti HH °J Z -< M ^Ser(Bu',-OH (11, (0.46 g. 1.5 mM) in THF (2 cm3, and NMM (0.35 cm3, 1.3 mM) at 

Sr S ,!!? 0 6 !? Uti ° n ° f DPPC ' ( °' 37 9 ' 15 mM) in THF ,5 cm3 > The suspension was stirred at 
u fw • en ll m,nute * and tnen treated with a pre-cooled solution of H-Nle-Sar-(Me)Leu-Valeu-Ala-D-Ala- 
(Me)L e u-(Me)L e u-(M e )Val-OBu. (1.44 g, 1.3 mM; prepared as described in Example 12, The reSio^ixture 

3d?2£ Th T rs at ; 20 c and ,hirty - six hours at room »d «o«*Lp * *. u Sua i »t " 

yield a crude solid. The res.due was purified on a silica gel column eluting with EtOAc-DCM (3:1). Evaporation 
? ,24 f5?~ pnate fract,ons afforded tne tjt| e compound as a while solid. (1.52 g 750/o m p 72-73°C 
S ~N 10 40ty<r ft ^liS^S? o r ^ H '» N "0" = C - 62 "88: H. 9.23; N, 10.90. Found':C, 62.97; H, 
cS NIp> 1 i?Tqm ,^ HZ ;o C ? C ' 3 -; 2 C ° nfS K 0 73 " 1 03 (39H ' P-CH 3 -Val. (Me)Val, Y -CH 3 -(Me)Leu 

CH 3 -Nle). 1.12 (9H, s. OBu'-(Me)Ser), 1.22 - 1.32 (12H, m, CH 3 -Ala, D-AIa, p. 5, -CH 2 -Nle, 1 38 - 1 44 (9H 2s 

V 54 " 162 (4H ' m - V- CH -(^,Leu). 1.63-1.81 (8H. m. P-CHHMe)Leu) 2 04 - 2 16 2H m' 
2"?H t \ M 1^- 70 ' I 21 "' SeneS ° f S ' NCH3) ' 3 84 (2H ' *• P-CH 2 -(Me)Ser,. i.27 4.32 (2H d x d 
2™ n S' ;L • ?' c " o H " Ala) ' 4 40 ( 1 H " *■ a - CH - N,e >- 4 65 (2H. m. a-CH-Val. (Me)Val). 4.69 - 4 86 3H m 
^89 7 10 ni h ^ eU MM 1 nif; ^J"?^' 546 (2K m ' "-CH-(Me)Leu). 5.51 (1H. ,, «-CH-<Me)S e r) 
6.89-7.10 (1H, br.d., NH, D-AIa . 7.15-7.20 (1H. br.d., NH-Val) 7 34 (5H s ArH) 76?-77R /in 
NH-Ala), and 7.89-8.07 (1H, br.d., NH-Nle); R, 15.8 min.; m/z 1412 MM* DO) ' 

Example 14 : Z-(M e)Ser(Bu')-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala- (Me)l eu-(Me)Leu-(Me)Val-OBu' 

J? PpC ' '°- 38 g ' I 5 mM) in THF < 5 cm3 wa s added to a stirred solution of Z-(Me)Ser(Bu')-OH (1 1 ) (0 46 q 15 
tweit'v lulT l UMM , ( w 0 36 ? m3 - 1 3 mM) 3t - 2 °° C - and ,he ^pension stirred at this temperate fo' 
2J al ! U L Pre-cooed solut.on of H-Nva-Sar-(Me,Leu-Val-(Me,Leu-Ala-D-Ala-(Me)Leu-(lv1e,Leu- 
I ; f ( 1?£ "! M: Prepar6d 33 described in Exa ™P'e 1 D in THF (50 cm3, was then added to the 
above mixture and the total mixture stirred at -20°C for two hours and at ambient temperature for thirty-five 

» «J??? )T wo ^f d .- UP 35 described for the 3 eneral DppCI procedure and the residue purified on 
comnnuni ^ * EtOAc/DCM s °'^ evaporation of the appropriate fractions afforded the title 

compound as a white foam. (1.41 g, 73%); m.p.. 70°C; [a]** - 151.4°. (c 1.4. CH3OH). Calculated for 
CraH.azNnOis: C. 62.66; H. 9.15; N, 11.01. Found: C, 62.31; H, 9.26- N 10 640/„- 8 H (250 MHz CDCh 2 

?2fl'32 72 10H 03 d (39H H m r^ 

■ rl'l V » \lo X d ; CH3 " A,a - D " Ala - P- -CH 2 -Nva). 1.44 (9H. 2s, OBu', Conf.) 53-1.61 (4H m 
rS'^^'ooS 2 " 1 ' 80 (8H> m ' P- CH 2-(Me)Leu), 2.03 - 3.06 (1H, m, B-CH-Val). 2.1 1 - 2 16 1h' m 
C H X e) 4 a 34 2 4 6 4 9 0 ?1 3 J <21H ' XVI ° f Sl N " CH3) 3 83 (2H ' <• P-CH 2 -(Me)Ser), i.^ - 4.31 (2H d x d! 
a CH ^li m ' a ^ A,a ,'' 440 (1H> f ' a " CH - Nva >. 4 - 64 "4-65 (2H, d x d, a-CH-(Me)Val 

?52 (1H t « CH^i \ m «««" C ^o f'h 6 ^ a - CH - D - Ala )- 5-12 (2H, s. PhCH 2 ). 5.45 (2H. m. a-CH-(Me)Leu), 
7M i 77 'nl ?V h ] fZ \? m ' 7 09 (1Hl br d " NH - D " Ala )- 7-14 - 7.21 (1 H rbr.d.. NH-Val), 7.33 (5H. s. ArH 
7.61 - 7.77 (1H. br.d.. NH-Ala), and 7.90 - 8.08 (1H, br.d.. NH-Nva); R, 15.2 min; m/z 1398 (M*. DCI). 

Example 15 : Z-( Me)Ser(Bu')-Thr(Bu')-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Val-OBu' 

m M 'f'Ml ( ° ;4 1 Cm3 x 1 3 c f,2 nM ' ? 5 eqU ' V ' W3S added t0 a stirred so,ution of Z-(Me)Ser(Bu')-OH (11) (0 5 g 16 
^'n^t^rSd^T [ ^r ! 'V' 0 "^ DPPC ' l °* 9 " M mM ' 15 ^ in THF < 2 cm3 > was tnen added' and 
D-AtaTMeTJ JpfA P'mT' 88 ' aft6r WhiCh time H - Tnr (Bu t )-Sar-(Me)Leu-Val-(Me)Leu-Ala- 

emSeiZ for d,!c th 9 ^' XtUre W3S S,irred * ■ 20 °° f0r 006 hour ' °- 5 ° C for ha,f an hour and r °°^ 
oil SSh ^rJu^^n Pr ° ^ worked " u P as d escribed in the genera. DppC. procedure to give an 
SolSS tte titi P onlT h S 03 ge ' co,umn elutin 9 with E{ ° A c Operation of the appropriate fractions 
afforded the title compound as a white foam (1.1 g, 520/0) • mp 80°C- [<xl2°-i3 6 4° fc 1 0 CH,nm 

ScS te 0 d 98° r flO^BH 1 1 °^m C ' f 2 .f ; K 914: N ' 10 58 - F °- d: C '62 61 C H [ 9 ] 31 ; N fo 190^; 8h (2^ MHz 
CDCI3). 0.98 - 1.10 (36H, m. CH 3 of (Me)Val, (Me)Leu. Val). 1.18 (9H s Thr(Bu') 1 21 - 1 25 (12H m TMe^ 

and Thr - CH 3). 1-29 - 1-31 (6H, d x d, CH 3 of L-Ala, D-AIa), 1.54 - { 96 (12K m P CH 2 and y CH o! 
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(Me)Leu), 2.05-2.32 (2H, m, p-CH of (Me)-Val, Val). 2.79-3.28 (21H, series of s, N-CH 3 ), 3£2 (1H, d. 
a-CH-Sar), 3.65-3.75 (1H, m, p-CH of Thr), 4.05-4.10 (2H, m. p-CH 2 of (Me)Ser), 4 25-4 35 (1H . m 
a-CH-L-Ala) 4 53 - 4.99 (4H, m. a-CH of D-Ala. Val, (Me)Val, Sar), 5.02 - 5.20 (4H, m, a-CH of (Me)Ser Thr and 
Ph-CHH. 5.48 - 5.58 (4H, m, a-CH of (Me)Leu), 6.92 - 7.27 (3H. m, N-H), 7.28 (5H. s, Ar-H), and 7.31 (1H, d, 
Nh-L-Ala)'; m/z 1457 (M + 1, FAB); Rt 16 min. 

Example 16 : z-(Me)Ser(Bu t )-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu- (Me)Leu-(Me)Val-OBu t 

N M M (0 9 cm 3 9 8 mM, 2.5 equiv.) was added to a solution of Z-(Me)Ser(Bu')-OH (1 .21 g, 3.9 mM, 1 equiv.) 
in THF (10 cm3) and the mixture was stirred at -20°C. DppCI (1.38 g, 5.9 mM, 1.5 equiv.) in THF (5 cm 3 ) was 
then addedhe resulting mixture stirred at -20° C for twenty minutes. A pre-cooled solution of H-Abu-Sar- 
(me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)l_eu-(Me)l_eu-(Me)Val-OBu< (3.6 g, 3.3 mM, 1 equi^; prepared as 
described in Example 9) in THF (5 cm*) was added and the reaction mixture stirred at -20 C for one hour. 
0-5°C for one hour and room temperature for four days. The product was worked-up as described for the 
general DppCI method, to yield an oil which was purified on a silica gel column eluting with EtOAc/CH 2 Cl2 
(1:3); evaporation of the appropriate fractions gave the title compound as a 1 *h,te solid (1 S 9- 4 1^= 
80-81 o C- fal 20 - 144° (c 1 3 CH3OH). Calculated for CyzH^sNnOis: C 62.47; H, 9.04; H, 11.14. Found. C, 
62 34- H 9 15- N 10.94<Vo; Found: 8h (250 MHz, CDCI3), 0.77-1.02 (39H, m, CH 3 of Abu. Val, (Me)Leu, 
fMeWal)' 1 17 (9H s (Me)Ser, (Bu<), 1.24 - 1.30 (6H, d x d, CH 3 of L-Ala, D-Ala), 1.44 (9H, s, (Me)Val-(OBu'), 

36 - 2 26 ( 4H m, fl'-CH, of (Me)Leu and Abu, Y -CH of (Me)Leu), 2.18 - 2.22 (2H, m, P-CH of Val and I (Me)Val. 
2 81 - 3 49 18H serL of s N-CH3), 3.12 (1H, d, a-CH-Sar). 3.52 - 3.77 (2H, m, p-CH 2 of (Me)Ser), 3.80 (1H, d, 
a CH-lar) 428 4 48 H !, a-CH-L-Ala), 4.67- 4.72 (1H. d. a-CH-Val), 4.72-4.76 (1H, d. c^HMe)Val) 

4 79-496 (2H m a-CH, D-Ala and Abu), 5.05-5.15 (5H, m, Ph-CH 2 - and a-CH of (Me)Leu, (Me)Ser). 
5:48-5.52 (1H;^ a-CH-(Me)Leu), 6.90-7.11 (2H, 2s, N-H), 7.27 (5H, s. ArH), 7.85-8.28 (2H, 2s, -NH); m/z 
1384 (M + 1, FAB); Rt 13.5 min. 

Example 17 : z-(Me)Thr(Bu t )-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me) Leu-(Me)Leu-(Me)Val-OBu t 

Z-(Me)Thr-(But)-OH (0.39 g, 1.20 mM, in THF (2 cm 3 ) was activated using DppCI (0.31 g, 1.25 mM) in THF (2 
cm 3 ) and NMM (0.3 cm 3 , 2.5 mM) at -20°C and coupled to H-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala- 
(Me)Leu-(Me)Leu-(Me)Val-OBu' (1.30 g, 1.17 mM; prepared as described in Example 11) .n THF (5 cm ) 
according to the general DppCI method. The reaction mixture was stirred at -20°C for two hours and at 
ambient temperature for forty-five hours, and then worked-up in the usual way. The residue was purrf.ec J on a 
silica gel column eluting with EtOAc to give the title compound as a white sol.d (0.75 i £ I, 65%) , nn.rx, 70-71 C, 
9 175 .4» (c 1, CH3OH). Calculated for C 7 4H 129 Ni i0 15 : C, 62.88; H, 9.20; N, 10.90 Found: C 6102 H 
9 38- N 10 700/o; 8h (250 MHz. CDCI 3 , 2 Confs.), 0.72 -1.02 (39H, m, Y -CH 3 -(Me)Leu, P-CH 3 -Val (Me)Va and 
CHa-Nva 1 09 - 1 25 (9H s, OBu<), 1 .09 - 1 .25 (3H, d, p-CH 3 -(Me)Thr), 1 .25 - 1 .35 (12H. m, CH 3 -Ala D-Ala p, 

5 CH 2 -Nva 1 1 46 - 1 48 (9H 2s OBu'. Conf.,), 1.52- 1.85 (12H, m. p-CH 2 . Y -CH-(Me)Leu), 2.03-2.16 (2H. 
^CH-Val^Wal) 2 70 3.14 (21 H, series of s, N-CH3), 4.19 (1H, m. P-CH-(Me)Thr), 4.28 - 4.36 (2H d x d 
CH si ' 439 HH m a-CH-Ala) 4 44 (1H, t, a-CH-Nva). 4.63 - 4.70 (2H. m, a-CH-Val. (Me)Val), 4.67 - 5.08 
S t aiHir(MeZ 512 (2H, s PhCH 2 ), 5.45 (2H, m, a-CH-(Me)Leu), 6.88-7.09 (1H. br.d 
Nh « AlS 7 ?- 7.18 OH br d ! NH-Val). 7.33 (6H. s, ArH), 7.61 - 7.78 (1 H, br.d., NH-Ala), and 7.88 - 8.05 (1H. 
br.d., NH-Nva) ; Rt 14.8 min.; m/z 1411 (M + , DCI). 

Example 18 : z-fMejThrtBu^-Nle-Sar-tMejLeu-Val-fMetLeu-Aia-D-Ala-tMelLeu-tMelLeu-tMe jVal-OBu' 

Z-(Me)Thr(Bu')-OH (0.40 g, 1 .25 mM) in THF (2 cm 3 ) was activated using DppCI (0.31 g 1 .24 mM) in THF (2 
cm 3 ) and NMM (0.3 cm3. 2 9 .50 mM, at -20'C. and coupled to H-Nle-Sar-(Me)Leu-Val-(Me)Leu- Ala-D-A^a- 
(MelLeu-tMeJLeu-fMeJVal-OBu' (1.38 g, 1.24 mM; prepared as described in Example 12) in THF (2 cm ) 
according to he general DppCI method. The reaction mixture was stirred at -20° C for two hours and ambient 
temperature for forty-five hours, and then worked-up as described for the general DppCI method. The residue 
was purified on a silica gel column eluting with EtOAc/DCM (1 :1), to give the title compound as , a ^white foam 
(071 a 640/0)- [al 24 - 150.4° (c 1.2, CH3OH). Calculated for C75H131N11O15: C, 63.11, H, 9^26, N, lU.BU. 
Sund'c 63.00; i, 9.52; N, 11.030/o; 8h (250 MHz, CDCI3), 2 ConfsO, 0 73 - ^^"^V?^^' 
p-CH 3 -(Me)Val, Val and CH 3 -N.e), 1.08-1.25 (12H, m, p-CH 3 -(Me)Thr, OBu'-(Me)Thr), 1 - 1 -35 (12H m. 
CH 3 -Ala, D-Ala, CH 2 -Nle), 1.46-1.49 (9h, 2s, OBu', Conf.) 1.52 1 1.85 (12H m PJHs .and ^MJ^. 
2.04-2.16 (2H, m, ft-CH-Val. (Me)Val), 2.70-3.14 (21H, series of s, N-CH 3 ) 4 19 (1H. m, P-CH-(Me)Thr) 
4 29 - 4 37 (2H, d x d, CH 2 -Sar), 4.39 (1H, m, a-CH-Ala). 4.44 (1H, t, a-CH-Nle), 4.64 (3H, m. a-CH). 4 68 - 5.07 
(3H. m, a-CH-D-Ala. (Me)Leu). 5.12 (2H, s, PhCH 2 ), 5.46 (2H, m, a-CH-(Me)Leu) 6 .8 -7 09 ' (1HJ bnd 
NH-D-Ala), 7.14 - 7.19 (1H, br.d., NH-Val). 7.33 (5H. s. ArH), 7.62 - 7.79 (1H, br.d., NH-Ala). and 7.89 - 8.06 (1H, 
br.d., NH-Nle); Rt 15.7 min; m/z 1425 (M + , DCI). 
Example 19 : Z-(Me)Thr(BuM-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-( Me)Leu-(Me)Leu-(Me)Val-OBu' 

N.M.M. (1.0 cm 3 , 6.5 mM, 2.5 equiv.) was added to a solution of Z-(Me)Thr(Bu')-OH (1 g. 3.1 mM, 1 .2 equiv.) 65 
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m THF (10 cm3), and the mixture stirred at -20° C. DppCI (0.9 g. 3.9 mmol, 1.5 equiv.) in THF (5 cm3) was then 
added, and the resulting mixture stirred at -20 C C for twenty minutes. A pre-cooled solution of 
H-Abu-Sar-iMejLeu-VaiMMelLeu-Aia-D-Aia-tMejLeu-tMeJLeu-tMeJVal-OBu 1 (2.8 g, 2.6 mM 1 equiv ■ pre- 
pared as described in Example 9) in THF (10 cm 3 ) was added and the reaction mixture was stirred at -20 ,; C for 
one hour, 0"C for one hour and room temperature for two days. The product was worked up as described for 
the general DppCI procedure, to yield an oil which was purified on a silica gel column eluting with EtOAc 
Evaporation of the appropriate fractions gave the title compound as a white foam, (3 1 g 860/0) ■ m p 92-93 :, C- 
[a] 20 - 164 (c 1.0, MeOH). Calculated for C73H126N1 1O15: C, 62.66; H, 9.01 ; N, 1 1.02 Found" C 62 60 H 9 Q7 
N, 11.030/0; 6h (250 MHz. CDCI3), 0.77 1.12 (39H. CH 3 of Abu, Val, (Me)Leu, (Me)Val. 1 13 - 1 19 (3H d 
L nr!^ T n r) ' I' 20 (9K S ' < Me > Thr < But >- 1-29- 1.32 (6H, d x d, CH 3 of L-Ala and D-Ala), 1.44 (9K s 
{ I' 52 ' 189 (10H ' m * ,)_CH2 of Abu < ( Me > Leu >. 1-84 - 2.22 (6H, m, p-CH of Val and (Me)Val and 

Y-CH (Me)Leu). 2.72 - 3.34 (21H. series of s, N-CH 3 >. 3.21 (1H, d. a-CH-Sar), 4.19 - 4.32 (1H, qt. P-CH-(Me)Thr). 

^ i t 1 H ~ m ' W " CH - A,a - 4.50-4.90 (4H, m, a-CH of Sar, (Me)Val, D-Ala and Val), 4.94-5.09 (3H m 
a-CH-Abu, rx-CH(Me)Leu), 5.12 (2H, s, Ph-CH 2 ), 5.15 (1H. d. a-CH(Me)Thr). 5.49-569 (2H ' m' 
a-CH-(Me)Leu), 6.80 - 6.93 (2H. 2s. N-H). 7.35 (5H, s, ArH), 7.67 - 7.99 (2H, 2s. -NH); m/z 1398 (M* CI) ■ R." 12 2 
min. ~~ — ' ' 



Exa mple 20 : Fmoc-(Me)Thr(Bu')-Abu-Sar-(^ 

Triethylamine (0.25 cm 3 , 1.78 mM, 1.5 equiv.) was added to a stirred solution of Fmoc(Me)Thr(Bu'-OH (16) 
(0.73 g, 1.78 mM, 1.5 equiv.) in THF (15 cm3) at -20° C. DppCI (0.42 g, 1.78 mM, 1.5 equiv.) in THF (2 cm3) was 
then added and the mixture stirred at -20°C for twenty minutes, after which time H-Abu-Sar-(Me)Leu-Val- 
(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBut (1.27 g, 1.16 mM. 1 equiv.; prepared as described in 
Example 9) in THF (5 cm3) was added. The resulting mixture was stirred at -20° C for one hour 0-5° C for half an 
hour and room temperature for four days. The product was worked-up as described in the general DppCI 
procedure to give an oil which was purified on a silica gel column eluting with CH 2 Cl 2 /MeOH 12:1. Evaporation 
of the appropriate fractions gave the title compound as a white foam (1.11 g 69%)- m p 94-96°C" [a] 20 - 121° 
(c 1.0, CH3OH); 6 H (CDCI3. 220 MHz). Calculated for C80H131N11O15: C. 64.65; H. 8.82; N, 10 37 Found" C 
64.51; H, 8.93; N, 10.430/o; 5h (CDCI3, 250 MHz), 0.77-1.10 (39H, m, CH 3 of Abu, Val, (Me)Val (Me)Leu))' 
1.11-1.28 (12H, m, CH 3 (Me)Thr, (Me)Thr(Bu'), 1.29- 1.30 (6H. d x d, CH 3 -Ala, D-Ala) 144 (9H s 
(Me)Val-OBu'), 1.53 - 1.72 (10H, m, 0-CH 2 of (Me)Leu-Abu), 1.73 - 2.20 (6H. m, p-CH, Val (Me)Val 2 79 - 3 21 
(21 H, series of s, N-CH3), 3.22 (1H, d. a-CH-Sar), 3.92 (1H, m, p-CH, (MeJThr). 4.12 - 5.02 (9H m a-CH) 512 
(2H, s. Fmoc-CH 2 ). 5.34 - 5.62 (2H. m, a-CH), 6.61 - 6.92 (2H, m, N-H), and 7.23 - 7.80 (9H. m, ArH N-H)' m/z 
1486 (M+1, FAB); R t 15.2 (X 280 nm). ™ 

E xample 21 : Boc-Dab(Fmoc)-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 

N.M.M. (0.5 cm3, 4.4 mM, 2.5 equiv.) was added to a solution of Boc-Dab(Fmoc)-OH (18) (0 8 g 1 9 mM 11 
equiv.) in THF (5 cm3), and the mixture stirred at -20 a C. DppCI (0.6 g, 2.1 mM, 1.5 equiv.) in THF*(3 cm^) was 
then added and the resulting mixture stirred at -20° C for twenty minutes. A pre-cooled solution of 
H-Abu-Sar-fMejLeu-Val-fMejLeu-Ala-D-Ala-fMeJLeu-fMeJLeu-fMeJVal-OBu* (1.9 g, 1.7 mM, 1 equiv pre- 
pared as described in Example 9) in THF (10 cm^) was added and the reaction mixture stirred at -20° C for one 
hour, 0 C C for one hour and room temperature for three days. The solvent was evaporated and the residue 
Z° r !^^ aS descr,bed in tne usua( wa y- Purification of the product on a silica column eluting with 
MeOH/EtOAc 1 :5 afforded the title compound as a white foam (2.1 g, 810/0) ; m.p 109-1 10°C [a] 20 - 130 7° (c 
0.8, MeOH). Calculated for C80H130N12O16/H2O: C, 62.66; H. 8.62; N, 10.97. Found- C 62 90" H 8 75" N 
10.920/o; Sh (250 MHz, CDCI3), 0.79 - 1.05 (39H, m. CH 3 of Val, (Me)Val, (Me)Leu, Abu), 1.27- 1 29 (6H m CH 3 
?L L u A,a ; °~ A l al 1 ' 46 (9H ' S ' < Me > v a«OBu«). 1 47-2.15 (16H, m, p-CH 2 of (Me)Leu, Abu, Dab, Y -CH of 
(Me)Leu), 2.17-2.23 (2H, m, p-CH of Val, (Me)Val), 2.77-3.28 (18H, series of s, N-CH3), 4.19-4 48 (4H m 
Y-CH 2 of Dab, a-CH of Sar, a-CH of L-Ala). 4.71 - 4.90 (5H t m, a-CH of Sar, Val, (Me)Val, D-Ala, Abu) 5 01 (2H 
f ™ ^ C ~ C - 2 ~ ) " 5 02 " 5 * 27 (5H ' m ' a " CH of Dab « ( M e)Leu), 5.47 - 5.49 (1H, m, Dab-NH), 6.01 (1H d Dab-NH)' 
6.90 - 7.21 (2H, 2s, -NH), 7.25 - 7.28 (8H, m. ArH), and 7.31 - 8.10 (2H, 2s, -NH); m/z 1514 (M + 1 FAB)* R, 11 7 
mm. 

55 Example 22 : Z-Hyp(Bu t )-A bu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t 

- ™ 1 " 3 ? m3 ' 12 3 mM ' 2 5 equiv - ) Was added to a solution of Z-Hyp(Bu l )-OH (21) (1.7 g, 5.3 mM 1 equiv ) 
^2 5 (1 ° cm ^ and the mixture stirred at - 2nc C DppCI (1.7 g, 7.4 mM, 1.5 equiv.) in THF (5 cm*) was then 
added and the resulting mixture stirred at -20°C for twenty minutes. A pre-cooled solution of 
H-Abu-Sar-(Me)Leu-VaI-(Me)Leu-AIa-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t (5.1 g, 4.9 mM 1 equiv ■ pre- 
pared as described in Example 9) in THF (5 cm3) was added and the reaction mixture stirred at -20*C for one 
hour, 0-15 - C for one hour and room temperature for two days. The product was worked-up as described for 
rw rf n /p»™ Dp P C ' ™ thod to V ield a ve »°w oil, which was purified on a silica gel column eluting with 
Q90/nl 1 £ «\ 11 E r va P° ration of the appropriate fractions afforded the title compound as a white foam (6 g, 
920/o), m.p., 94-95* C; [apo . 128 * (c 1.0. CH3OH). Calculated for C 7 3H,a 5 NuOi5: C, 62.80; H, 8.96- N 11 04 



20 



25 



30 



35 



40 



45 



50 



60 



65 



16 



BNSDOCID: <EP__0300795A2_I_> 



0 300 785 



Found- C 62 41- H 9 02 N 10 690/o; 5h (250 MHz, CDCI 3 ), 0.74 - 1.03 (39H, m, CH 3 of Abu, Val, (Me)Leu, 
(Me)Val).'l.17 (9H,' 2s, Hyp (Bu<), 1.27- 1.34 (6H, d x d, CH 3 D-Ala, L- Ala), 1.45 (9H s, (Me)Val-OBu'), 
1 46 - 2.01 (10H, m, p-CH 2 of Abu, (Me)Leu, 2.02 - 2.36 (8H, m. p-CH of Val, (Me)Val, Hyp and y-CH I of (Me)Leu . 
2.93 - 3.30 (21H. series of s, N-CH3), 3.11 -3.12 (1H, m, a-CH-Sar), 3.23-3.80 (2H, d x d 5-CH 2 of Hyp) 
3.99 - 4.25 (1H, m, y-CH of Hyp), 4.32 - 4.43 (1 H, m, a-CH of L-Ala), 4.49 - 4.94 (5H, m. a-CH. of Val . (Me)Va . 5 
Sar Abu and D-Ala), 5.13 (2H, s, Ph-CH 2 ), 5.14 - 5.31 (4H, m, a-CH-(Me)Leu), 5.48 - 5.52 (1H, m, a-CH of Hyp), 
7.14-7.30 (2H, 2s, NH of D-Ala, Val), 7.34 (1H, s, NH-L-Ala), 7.35 (5H, s, ArH), and 8.10 (1H, s, NH-Abu); m/z 
1396 (M + 1, FAB); Rt 11.4 min. 

Example 23 : Z-Hyp(Bu')-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu' 10 

Z-Hyp(Bu')-OH (21) (1.29 h, 4mM) in THF (5 cm3), NMM (1.2 cm3, 10.8 mM) in THF (5cm3) were treated with 
DppCI (1 73 g 7 3 mM) in THF (5 cm3) at -20° C, and coupled to H-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala- 
(MeJLeu-fMeJL.eu-fMeJVal-OBu' (4.1 g, 3.7 mM; prepared as described in Example 12) in THF (15 cm 3 ) 
according to the general DppClcedure. The reaction mixture was stirred for two hours at -20° C and forty-five 15 
hours at room temperature. The reaction was worked-up in the usual way and the residue obtained was 
ourified on a silica gel column eluting with EtOAc/DCM (2:1). Evaporation of the appropriate fractions gave the 
title comoound as a white foam, (4.1 g, 680/0); m.p., 95°C; la]** - 140.4° (c 1.1, CH3OH). Calculated for 
C 5HT3X1O1S C, 63T5; H. 9.19 N, 10.80. Found; C, 63.02; H, 9.05; N, 1 1 .09<Vo; 8h (250 MHz, CDCI3, 2 Conf. , 
07^-103 (39H m, P-CH 3 -Val, (Me)Val, CH 3 -Nle. CH 3 -(Me)Leu), 1.14-1.17 (9H, 2s, Hyp(Bu') Conf , 20 

1 21 - 1 35 ( 6H d x d, CH 3 -Ala, D-Ala), 1.21 - 1.35 (6H, m, B and 5 CH 2 -Nle), 1.44 - 1.46 (9H, 2s, OBu< Conf. , 
6 - 1 68 8H. m. P -CH 2 -(Me)Leu), 2.01 - 2.09 (1H, m, p-CH-Val), 2.13 - 2.25 (2H, m. p-CH-(Me)Val. P-CH-Hyp , 

2 93 - 330 (18H series of s, N-CH 3 ), 3.23-3.80 (2H, d x d, 5-CH 2 -Hyp), 3.99-4.25 (1H. m, y-CH-Hyp), 
4 24 - 4 34 (2H dxd, CH 2 -Sar), 4.37 (1H, m, a-CH-Ala), 4.44 (1H, t, a-CH-Nle), 4.50-4.65 (3H, m, 
a-CH-(Me)Val Val. Hyp), 4.72-4.76 (2H. m, a-CH-(Me)Leu), 5.12-5.15 (1H, t, a-CH-D-Ala), 5.13 (2H s 25 
?hCH 2 ) 5 43 5 52 (2H m, a-CH-(Me)Leu), 6.90 - 7.19 (2H, br.d.. NH-Val, NH-D-Ala), 7.34 (5H, s, ArH), 7.64 
(1H,~br.d., NH-Ala), and 7.88-8.07 (1H, br.d., NH-Nle); R t 11.8 min.; m/z 1424 (M + , DCI). 

Example 24 : z-(Me)Thr-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Le u-(Me)Leu-(Me)Val-OH 

(10 cm 3 ) TFA (in 90o/o acetic acid) was added to a cooled (0° C) solution of Z-(Me)Thr-Abu-Sar-(Me)Leu-Val- 
(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Val-OBu t (2g, 1.4 mM; prepared as described in Example 19) and stirred for 
four hours at room temperature. TFA was then evaporated and the residue purified on a silica gel column 
elutina with CH 2 CI 2 /MeOH (15:1). Solvent evaporation of the appropriate fractions afforded the title 
compound a Ta wh te foam (1.7 g. 940/0); m.p., 134-136°C; [a]" - 130° (c 1.0, CH 3 OH). Calculated for 35 
3iTnii?i 5 3H 2 0: C, 58.25; H, 8.74; N, 11.50. Found: C. 57.75; H, 8.30; N, 11.08%; 5H (250 MHz, CDCI3), 
0.77 07 (39H, m, p-CH 3 -Val, (Me)Val, y-CH 2 -Abu, (Me)Leu, 1.14 (3H, d, CH 3 -(Me)Thr) ,1.25 - ? 1.32 (6H d. 
CH,-Ala D-Ala) 158-191 (12H, m, p-CH 2 , y-CH-(Me)Leu), 2.29 (2H, m, p-CH 2 -Abu), 2.32 - 2.47 (2H, 
B-CH0Me)Va. ia. 2.70 3.27 (2 H, series of s. N-CHs). 4.18 (1H, m. p-CH-(Me)Thr), 4.30 - 4.39 (2H d. 
c£ Sar) 4 51 - 5 0278H m a-CH), 5.17 (2H, s, PhCH 2 ), 5.48 - 5.67 (2H, m, a-CH), 6.93 (1H. br.d., NH, D-Ala), 40 
7M (1H bts . NH Val) 7.30 ?H, s, ArH), 7.41 (1H, brTd.. NH-Ala), 7.52 (1H, br.d., NH-Abu). and 8.67 (1H, br.s.. 
-COOH); m/z 1287 (M + 1, FAB); Rt 7.8 min. 

Example 25 : H-(Me)Thr-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 



100/0 Pd/C catalyst (0.1 g) was added to a stirred solution of Z-(Me)Thr-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala- 
D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH (1 .7 g, 1 .3 mM ; prepared as described in Example 24) in CH3OH (20 cm ) 
and hydrogenolysed for twenty-three hours. The catalyst was filtered and the filtrate evaporated to dryness. 
The residue was applied on a Sephadex G10 column eluting with water. Evaporator , of -the appropriate 
fractions gave the title compound as a white foam (1.4 g, 93<Vo) ; m.p., 134-136°C; [ap° - 129 (c ACHsOH- 
Slated for C 6 7H 10 6NiiOi3.5H2O; C 55.12; H, 9.27; N, 12.41. Found: C, 54.84; H. 8.97; N. 12.09<Vo; <nlz 
1151 (M + , DCI)> 

Example 26 : Z-(Me)Ser-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me )Leu-(Me)Leu-(Me)Val-OH 

900/o TFA (5 cm 3 ) was added to Z-(Me)Ser-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
(Me)Val-OBu' (1 8 g, 1.3 mM; prepared as described in Example 16) and stirred at room temperature for four 
hours The residue (after evaporating TFA under vacuo ) was applied directly on a silica gel column eluting with 
CH 2 CI 2 /MeOH (12:1). Evaporation of the appropriate fractions gave the title compound as a white solid (1_3 g. 
790/0)- m p 112-1 14°C; [a] 20 - 127° (c 0.9, CH3OH). Calculated for C64H109N1 iOis-H 2 0: C. 57.96; H. 8.bb, n, 
11.62.' Found: C, 57.63; H, 8.31; N, 11.200/o; nVz 1272 (M + , DCI); Rt 17.0 min.> 

Example 27 : H-(Me)Ser-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me) Leu-(Me)Val-OH 

100/0 Pd/C catalyst (0.12 g) was added to a stirred solution of Z-(Me)Ser-Abu-Sar-(Me)Leu-Val-(Me)Leu- 65 
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Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH(1.2 g, 0.9 mM; prepared as described in Example 26) in CH 3 OH (30 

cm 3 ) and the mixture hydrogenoiysed for twenty-four hours. The catalyst was removed by filtration and the 

filtrate evaporated to give the title compound (1.03 g, 96o/o); m.p., 135-137°C; [a] 20 - 142° (c 1.1, CH3OH). 

Calculated for C 5 6H 10 3Ni 1O13; C, 59.10; H, 9.76; N, 13.54. Found: C, 59.25; H, 9.67; N 13 400/0" m/z 1 138 f M f 
nn ' ' — ' 



Example 28 : Z-Hyp-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-QH 

900/o TFA (10 cm 3 ) was added to Z-Hyp(Bu f )-Abu-SarMMe)Leu--Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
10 (MeJVal-OBu* (4.3 g, 3.1 mM; prepared as described in Example 22) and the mixture stirred at room 
temperature for four hours. TFA was removed under vacuo and the residue purified on a silica gel column 
elutmg with CH 2 CI 2 :MeOH (15:1 ). Evaporation of the appropriate fractions gave the title compound as a white 

l*t l2 f f 65 ° /0): mp • 124 - 125 ° C; M 20 " 143 50 (c 0.6, CH3OH). Calculated for C 6 6H,o9NiiOis.2H 2 0: C. 
59.14; H, 8.57; N, 11.68. Found: C, 59.18; H, 8.34; N. 11.160/o; m/z 1283 (IvT, CI)" R t 9 2 min > 
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Example 29 : H-Hyp-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vai-QH 



100/0 Pd/C catalyst was added to a stirred solution of Z-Hyp-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala- 
(Me)Leu-(Me)Leu-(Me)Val-OH (2.6 g, 2 mM; prepared as described in Example 28) and the mixture 
20 hydrogenoiysed for twenty-three hours. The catalyst was removed by filtration and the filtrate evaporated to 
dryness to afford the title compound (2.2g, 960/o) m.p., 140-141°C; [a] 20 - 161.9° (c 1.0, CH3OH); m/z 1149 
(M*. El). > ' 



Example 30 : H-Dab(Fmoc)-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH.TFA 

90o/o TFA (4 cm 3 ) was added to Boc-Dab(Fmoc)-Abu-Sar-{Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu- 
(MeJLeu-fMeJVal-OBu' (1 g, 0.7 mM; prepared as described in Example 21) with stirring at -20°C. The mixture 
was allowed to warm to room temperature with stirring for three and a half hours. TFA was evaporated and the 
residue triturated with ether, to give the title compound as a white solid (0.9 g 1000/o)- m p 119-120°C- 
30 [ap- 101.8° (c 0.8, CH 3 OH) ; m/z 1350 (M+1. FAB); R t 20.5 min.; (y 278 nm). 

Example 31 : Z-(Me)Thr-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

Z-(Me)Thr-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu l (0.52 g, 0.40 mM* 
35 prepared as described in Example 17) was treated with 900/o TFA (5 cm 3 ) for two hours at room temperature 
and overnight at 0°C. Excess TFA was removed under vacuo and the residue chromatographed on Sephadex 
LH20 eluting with DMF. Evaporation of the appropriate fractions gave the title compound as a white solid (0 32 
g, 680/0); m.p., 102-103*C; [a]** - 105.7° (c 1.2, CH3OH); 8h (250 MHz, CDCI3), 0.71 - 1.02 (39H m 
-CH 3 -(Me)Leu, p-CH 3 -(Me)Val, Val, CH 3 -Nva), 1.11 (3H, d, CH 3 -(Me)Thr), 1.14-1.26 (6H, d x d CH 34 -Ala 
40 D-Ala). 1.27- 1.30 (4H, m, p, y, CH 2 -Nva), 1.36-1.92 (12H. m. p-CH 2l y-CH-(Me)Leu). 1.93-2.29 (2H m 
P-CH-Val. (Me)Val), 2.74-3.26 (21H, series of s, N-CH3). 4.19 (1H, m, p-CH(Me)Thr), 4.29-4 39 (2H d x d 
CH 2 -Sar), 4.39 - 5.14 (8H. m, a-CH), 5.14 (2H, s, CH 2 Ph), 5.41 - 5.55 (2H, m, a-CH), 6.37 (1H br d NH-D-Ala) 
7.18 (1H. br.s., NH-Val), 7.34 (5H, s. ArH), 7.61 - 7.77 (1H, br.s., NH-Ala), and 7.89 - 8.06 (1H. br.s NH-Nva)' 
m/z 1300 (M + 1, FAB). 



Example 32 : H-(Me)Thr-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 



Z-(Me)Thr-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH (300 mg, 0.19 mM- 
prepared as described in Example 31) in CH3OH (20 cm 3 ) was hydrogenated in the presence of 160/0 Pd/C (50 
50 mg) for thirty-six hours under one atmosphere of pressure. The solution, after removal of the catalyst by 
filtration, was evaporated to give a solid, which was chromatographed on Sephadex G10 column eluting with 
water. The solid obtained after evaporation of water, was recrystallised from methanol/ether to give the title 
compound (260 mg, 880/0); m.p., 122-124°C; [a]24- 144.1° (c 1.3, CH3OH); nVz 1166 (M + , DC!). 

55 Example 33 : Z-(Me)Ser-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vai-QH 

Z-(Me)Ser-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t (1.2 g 09 mM* pre- 
pared as described in Example 14) was treated with 900/o TFA (6 cm 3 ) at ambient temperature for two hours 
and at 0 C overnight. Removal of excess TFA, followed by silica gel chromatography using CH 2 CI 2 /60/o MeOH 
as eluants gave the title compound as a white solid (0.9 g, 6OO/0); m p. 110-112°C- fa] 24 - 134 9° fc 1 02 
CH3OH); R t 10.6 min.; nrVz 1286 (M*. El). ' " ' 

Example 34 : H-( Me)Ser-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-QH 
Z-(Me)Ser-Nva-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH (0.8 g, 0.6 mM; pre- 
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Example 39 : z-Hyp-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

Z-HypfBu^le-Sar-fMelLe^ < 2 - 8 9- 197 mM; 

prepared as described in Example 23) was treated with 900/o TFA (5 cm 3 ) at ambient temperature for one hour 
and -5°C overnight. Excess TFA was removed under vacuo and the residue chromatographed on a silica gel 
column eiuting with CHCI 3 /5% MeOH. Evaporation of the appropriate fractions gave the title compound as a 
white solid (2.0 g, 770/o); m.p., 120-122°C; [a] 24 - 141.8° (c 1.0. CH 3 OH); 5H (250 MHz, CDCI3), 0.72 - 1.06 
(39H, m, y-CH 3 -(Me)Leu, p-CH 3 (Me)Val, Val, CH 3 -Nle), 1.15-1.25 (6H. d x , CH 3 Ala, D-Ala), 1.28 J6H 
CH 2 -Nle) 1 36-1.80 (m, 8-CH2 y-CH-(Me)Leu), 1.85-2.26 (m, (3-CH-(Me)Val, Val, Hyp), 2.78-3.29 (18H, 
series of s, N-CH3), 3.23 - 4.25 (3H, m, y-CH, 5-CH 2 -Hyp), 4.32 (2H, d, CH 2 -Sar), 4.37 - 5.10 (8H, m, ct-CH), 5.1 1 
(2H. s, Ph-CH 2 ), 5.43 - 5.52 (2H, m, a-CH), 6.40 (1H, br.s., NH-D-Ala), 7.28 (5H, s, ArH), 8.07 - 8.39 <3H, br.m., 
-NH); R t 11.4 min.; m/z 1312 (M + 1, FAB). 

Example 40 : H-Hyp-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vai-OH 

Z-Hyp-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vai-OH (2.62 g, 2 mM; prepared as 
described in Example 39) in CH 3 OH (50 cm 3 ) was hydrogenolysed in the presence of 10<Vb Pd/C catalyst (0.15 
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pared as described in Example 33) in CH 3 OH (50 cm 3 ) was hydrogenolysed in the presence of 10<Vo Pd/C for 
forty-eight hour at ambient temperature under one atmosphere of pressure. The catalyst was removed by 
filtration and the solvent was evaporated to give a solid, which was purified on a Sephadex G10 column eiuting 
with water. Evaporation of the appropriate fractions afforded a solid which was crystallised from 
methanol/ether to give the title compound as a white solid (0.65 g, 830/o) ; m.p., 192-194°C; [a] 24 -101.6° ; m/z 5 
1153 (M + 1, FAB). 

Example 35 : Z-(Me)Thr-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

Z-fMetThr-Nle-Sar-tMeJLeu-Val^MelLeu-Ala-D-Ala-fMeJLeu-tMeJLeu-fMelVal-OBu 1 (0.53 g, 0.40 mM; 10 
prepared as described in Example 18) was treated with 90% TFA (5 cm 3 ) at room temperature for two hours 
and overnight at 0° C. Excess TFA was removed under vacuo and the residue chromatographed on Sephadex 
LH20 column eiuting with DMF. Evaporation of the appropriate fractions afforded the title compound as a white 
solid (0 31 g, 6O0/0); m.p., 103-105°C; [a] 25 - 108.8° (c 1.1, CH 3 OH); 5H (250 MHz, CDCI3), 0.70 - 1.03 (39H, m, 
B-CH 3 -(Me)Val, Y -CH 3 -(Me)Leu, CH 3 -nLe), 1.12 (3H, d, CH 3 - (Me)Thr), 1.13 - 1.26 (6H, d x d, CH 3 -Ala, D-Ala), 15 
t 26 - 1 29 (6H m CH 2 -Nle), 1.36 - 1.91 (12H, m, p-CH 2 , y-CH-(Me)Leu), 1 .92 - 2.02 (2H, m, (J-CH-Val, (Me)Val), 
2 75 - 3 25 (21 H series of s, N-CH3). 4.18 (1H, m, p-CH-(Me)Thr). 4.28 - 4.38 (2H, br.d., CH 2 -Sar), 4.38 - 5.16 
(8H m a-CH) 5 15 (2H, s, CH 2 -Ph), 5.20 - 5.53 (2H, m, a-CH), 6.38 - 7.14 (1H, m, NH-D-Ala), 7.15 - 7.21 (1H, 
br.m., NH-Val), 7.35 (5H, s. ArH). 7.60 - 7.76 (1H, br.d., NH-Ala). and 7.89 - 8.06 (1H, br.d., NH-Nle); m/z 1314 
(M + 1, FAB). 

Example 36 : H-(Me)Thr-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vai-OH 

Z-(Me)Thr-N!e-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH (0.28 g, 0.18 mM; pre- 
pared as described in Example 35) in CH 3 OH (20 cm 3 ) was hydrogenolysed in the presence of 100/o Pd/C (50 25 
mg) for forty-eight hours at one atmosphere of pressure. The solution, after removal of the catalyst by filtration, 
was evaporated to dryness and the residue chromatographed on a Sephadex G10 column, eiuting with water. 
Evaporation of the appropriate fractions afforded the title compound which was recrystallised from 
methanol/ether (0.220 g,890/o); m.p., 120 - 122° C; [a]** - 161.6° (c 1.2, CH 3 OH); nVz 1181 (M + 1, FAB. 

Example 37 : Z-(Me)Ser-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

Z-(Me)Ser-Nle-Sar-(Me)Leu-Val-(Me)Leu-Aia-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu t (1.41 g, 1 mM; pre- 
pared as described in Example 13) was treated with 90<Vo TFA (5 cm 3 ) at ambient temperature for two hours 
and at 0°C overnight. Excess TFA was evaporated (under vacuo ) and the residue purified on a silica gel 35 
column eiuting with CHCI 3 /50/o MeOH. Evaporation of the appropriate fractions gave the title compound as a 
white foam, (0.91 g, 750/o); [a] 24 - 106.3° (c 1.2 CH 3 OH); nVz 1314; (M\ DCI); R t 11.4 mm. 

Example 38 : H-(Me)Ser-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

Z-(Me)Ser-Nle-Sar-(Me)Leu-Val-(Me)Leu-Ala~D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH (0.9 g, 0.73 mM; pre- 
pared as described in Example 37) in CH 3 OH (50 cm 3 ) was hydrogenolysed in the presence of 100/0 Pd/C (0.1 
a) for forty hours at one atmosphere of pressure. The catalyst was removed by filtration and the solvent 
evaporated to give a solid, which was chromatographed on a Sephadex G10 column eiuting with water. The 
residue obtained was solidified by trituration with ether and the triturated with ether/petroleum ether, to give 45 
the title compound as a white solid (0.75 g, 8IO/0); m.p., 78-79°C; [a] 24 - 136.1° (c 1.0, CH 3 OH); nVz (1167) 
(M+1, FAB). 
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g) for forty-eight hours. The catalyst was removed by filtration and the filtrate evaporated to give a solid which 
was chromatographed on a Sephadex G10 column eluting with water. Evaporation of the appropriate fractions 
gave the title compound as a white solid (1.8 g, 79<Vo); m.p.. 139-141°C- fa]* 3 - 127 8° fc 12 CH,om 
m/z1178 (M + 1, FAB). ' 3U 

Example 41 : Z-(Me)-Ser-Thr-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

iuS? if, rT n added l ° Z - (Me ' Ser < BlJ, )- Tnr -(B» , -Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu- 
™r ; ( ;° BU h (0 ' 9 fl i°- 6 mM; Prepar6d 38 described Example 15) and the mixture stirred at room 
temperature for four hours. The residue, after evaporating TFA was applied directly on a silica gel column 
t ;? n :' h CHaCfe:MeOH (12:1). Evaporation of the appropriate fractions gave the title compound as a white 

5?14 ( H 841 Hut T'Trlfd ' U6 *° ( ° ^ CH3 ° H): Ca,CU ' ated ,0r C*H, 0B N 11 O 1 .1.H B 0: C 
58.14, H, 8.41, N, 11.66. Found: C, 57.90; H. 8.33; N. 11.35%; m_z 1287 (M\ DCI); R, 8.1 min. 

15 Example 42 : H-(Me)Ser-Th r-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OH 

/ mT 0 P6 ,l? ?. atalV ^. ( °; 3 9) WaS added t0 a solution of 2 -( M e)Ser)-Thr-Sar-(Me)Leu)-Val-(Me)Leu-Ala-D-Ala- 
(Me)Leu-(Me)Leu-(Me)Val-OH (300 mg, 0.23 mM; prepared as described in Example 41) in CH 3 OH (20 cm 3 ) 
and the mixture hydrogenolysed for forty-six hours. The catalyst was removed by filtration and the filtrate 
20 evaporated to dryness to give the title compound as a white solid (0.23 g, 950/o)- m 0 140-141°C- fnizo . i 41 <= 
(c 0.9, CH3OH); m/z 1153 (M + , DCI). " iaj i4i 

Ex ample 43 : Cyclo-r(Me)Thr-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vall 
25 DMAP (0.5 g. 4.1 mM, 5 equiv.), followed by the Castro reagent BOP (1 .5 g. 3.4 mM, 4 equiv.) were added to 

?m T^u/r, Q S, ' rre f d 0 SOlUti ° n ° f H -' Me ) Thr - Abu -Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
(Me)vai-OH(0.9 g, 0.8 mM, 1 equiv.; prepared as described in Example 25) in CH 2 CI 2 (2 5L) at room 
temperature After five days the solvent was evaporated and the residue applied directly on a silica gel column 
e ^!TK Et ° Ac/MeOH < 97 - 3 >- Evaporation of the appropriate fractions gave the title compound as a white 
f,°' ,d (a °l9- m -P- 1 65-16r C; [a]20 - 121° (c 1, MeOH); 8H (250 MHz, CDCI3, 2 corns.). 0.71 - 1.14 

In ' 11 »', al ' (Me)Leu, (Me)Val), 1.26 (3H. d, (Me)Thr-CH 3 ), 1.30 (6H, d, CH 3 of L-Ala, D-Ala) 
I'm ' lii 2?u P <* m ^ (Me,Leu) - 182 - 2 30 < 5H - m - P-CH of Val, (Me)Val and y-CH of (Me)Leu). 
I '2 " «u ' Sene ^ S ' N " CH3) ' 314 ■ 3 20 {1H ' d ' a - CH " Sar )- 4 -31 " 4 42 (2H, m, 0-CH and OH of (Me)Thr 
Vu il, ^ \ m, JJ" C e H ' L " A,a) - 4 82 ■ 512 (5H - m ' a " CH of L - A,a ' Abu . < Me ) Va| . Val and Sar), 5.51 (1H, d 
m'^'J^ 6 ' 1 571 - 592 < 4H - m - «-CH (Me)Leu), 6.90 (1H, d, NH-D-Ala), 7.10 (1H, d, NH-Val), 7 60 (1H d 
NH-L-Ala), and 8.20 (1H, d, NH-Abu); m/z 1134 (M+1. FAB); R, 9.4 min. ' 

Exam p l e 44 : Cyclo-f(Me)Ser-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vall 

DMAP (0.27 g, 2.2 mM, 4 equiv.), followed by the Castro reagent BOP (0.78 g, 1 .76 mM, 4 equiv.) were added 

m a u/ V 'P^u U ,n y c Stirr . 6d S0 ' UtiOn ° f H -( Me ) Ser - Ab "-S a r-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
(Me)Val-OH (0.5 g. 0.44 mM. 1 equiv.; prepared as described in Example 27) in CH 2 CI 2 ) (2 51) at room 
temperature. After three days the solvent was evaporated and the residue applied directly on a silica qel 
column eluting with CH 2 CI 2 :MeOH (95:5). Evaporation of the appropriate fractions gave the title compound as 
nTifnlL 5 2' 15 ° /0): mp - 212 - 214 °C; [a]20. 14 4° (c 1. MeOH); 8H (250 MHz. CDCI3, 1 conf ) 
; 5 U " I" 10 (3 f H -/T- CH3 of Val - < Me > Val - (Me)Leu. Abu). 1.15-1.35 (6H, d x d. CH 3 of L-Ala, D-Ala). 1.55-1 50 
(10H, br m., P-CH 2 of Abu. (Me)Leu), 1.85-2.55 (6H, p-CH of (Me)Val, y-CH of (Me)Leu), 2.79-3 50 (21H 
Z"^ ? J'um^I 1, ^ (2H ' d ' P- CH ^ Me )Ser). 4.45 - 4.55 (1H, m, a-CH-Ala). 4.60 - 4.75 5H. m. a-CH-Sar 
(Me)Val, Val (Me)Ser -OH), 4.79 - 4.85 (1H, m, a-CH-D-Ala). 4.49 - 5.10 (1H, m. a-CH-Abu), 5.15 - 5 28 (2H d x 
m h n a~/ w^L 5 - 4 ?;, 5 - 5 . 5 (1H> *' «- CH -( Me )Ser), 5.60-5.75 (2H. d x d. a-CH, (Me)Leu). 7.15 (1H, d. 
N-H-D-Ala), 7.35 (1H, d, NH-Val), 7.95 (1H, d. NH-Ala). and 8.40 (1H, d, NH-Abu); m/z 1120 (M + 1 FAB) R 
1 1.4 mm. ' " 

Example 43 : Cvclo-fHv D -Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vall 

.HH^r ( °' 42 9 'i 05 mM 'J equiv K followed b y the Castro reagent BOP (1.23 g, 1.64 mM. 4 equiv.) were 
?225„i nwm^ \ S T/ ed so,u,ion of H-Hyp-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu- 
mtxturp SJrin £™1 I" ' e ? uiv ; P re P ared as described in Example 29) in CH 2 CI 2 (21) and the resulting 
rhrnmat ^ \ room temperature for four days. The solution was then concentrated to (100 cm 3 ) and 
aSdPH °Z a r»! ° n 3 ! 961 e u tiP9 With EtOAc/MeOH (97.3). Evaporation of the appropriate fractions 
mh! rnri I "T^no^ 33 3 Wh,te S0,id (0 " 24 » 30 ° /o > : m P- 1 16-1 68° C; [a]2<> - 240° (c 1. MeOH) ; 5H (250 
HH h pm 'i \?? - '£ 8 \ "J 01 (39H ' m ' CH3 ° f Abu " Val ' (Me > Leu ' < Me > Val >- 127 OH. d, CH 3 -D-Ala), .36 
Pi ch Su 3 h'' 1 Au V' 80 (10H ' m ' P " CHz ° f Abu ' < Me > Leu >- 1-82 " 2 38 (7H. m, P -CH of Val and (Me)Val 
seS ° " VP j T"^f ( o Me)LeU) ' 2 68 ■ 2 69 (3H ' d ' N - CH3 »' 3 - 1 1 - 312 HH. m. a-CH-Sar). 3.25 - 3.30 ( 5H 
series of s. N-CH 3 ). 3.84-3.89 (2H. d x d. a-CH-Hyp), 2.84-3.89 (2H. d x d, 5-CH 2 -Hyp), 4.04-420 (1H m 
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^ ,lj \ Aon AA1MW t n PH-L-Ala> 4 44(1H br s. -OH), 4.47 - 4.89 (5H, m, a-CH of Val, (Me) Val, Sar, 
m/z 1133 (M + 1. FAB); Rt 10.2 min. 

Example 46 : Cyclo-r(Dab(Fmoc)-Abu-Sar-(Me)Leu-Va l-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val1 

DMAP (0 20 a 1 65 mM 5 equiv.), followed by the Castro reagent BOP (0.58 g, 1.32 mM, 4 equiv ) were 
addell ^o a rapidly s«lg solution of H-D a b(Fmoc)-Abu-Sar-(Me)Le U -Va.-(Me)L e u-Ala-D-Aa-(Me)Leu- 
?Me)iu (Me)Va|!oH (0.45 g 0.33 mM, 1 equiv.; prepared as described in Example 30) in CH 2 C 2 (21) and the 
SS S afroom temperature for three days. The solution was concentrated to (5 . cmj) and 
cTomatographed initially on Sephadex LH20 eluting with DMF and then on silica gel eluting ^tOAc/MeOH 
97 30/c. Evaporation of the appropriate fractions afforded the title ^Z^ 5 ^^^ % 
n Mia i^7°r* - 190 2° (c 0 9 MeOH). Caculated for C71H112N12O13.2H2O. C f 6l.y^, h, im, 

7m^i27^R4 568 (2H m a-CH (Me)Leu), 6.27 - 6.37 (1H, m, Dab-NH). 6.56 (1H. d, Dab-NH). 7.31 (1H d 
K Sa) 7 '34 -777% m ArH and NH-Vai), 8.02 (1H, d, NH-L-Ala), and 8.62 (1H, d, NH-Abu) ; m/z 1341 
(M + 1, FAB); Rt 13.4 min. 

Example 47 : C V clo-fDab-Abu-Sar-(Me)Leu-Val-(M elLeu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val] 

rvclo-rDab(Fmoc)-Abu-Sar-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val] (90 mg 0.07 mM , 

S^T^^rl^i. 1 ^^ Sephadex LH20 eluting with OMF; jjjponjcn of the 
appropriate fractions afforded the title compound as a white solid, m.p.. 160-164 C, [a] 181 (c i.i, 
MeOH); m/z 1118 (M+1, FAB); Rt 12.1 mm. 

Example 48 : cvclo-Kme)Thr-Nva-Sar-(Me)Leu-Val- (Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val1 
. FAB); Rt 11.0 min. 

Example 49 : Cvclo-r(Me)Ser-Nva-Sar-(Me)Leu-Val-(M e)Leu-Ala-D-Ai a -(Me)Leu-(Me)Leu-(Me)Val] 
nUlpToS a 2 17 mM 7 equfv ) followed by the Castro reagent BOP (0.822 g, 1.86 mM, 6 equiv.). The 

(c, 1.0, MeOH); m/z 1135 (M + 1, FAB); R, 11.6 mm. 

Example 50 : Cvclo-r(Me)Thr-Nle-Sar-(Me)Leu-Val-(M s)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Vaj] 
dissolved at ambient temperature in dichloromethane (800 ml). To this was added DMAP (0.21 g, 1 _82 mW \ 7 

white crystals (from ether/petroleum ether) (46 mg, 140/o yield); m.p.. 94-95 C, [a]* 168 , (c, i.u, unu 3 ). 
m/z 1162 (M + , FAB); Rt 11-2 min. 

Fyampte 51 : Cvclo-f(Me)Ser-Nle-Sar-^ 

H-(Me)Ser-Nle-Sar-(Me)Leu-VaKMe)Leu-Ala-D-Ala-(M (450 mg, 0.39 mM; 
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prepared as > described in Example 38) was dissolved in THF-CH 2 CI 2 ( 1 : 1 ) (900 ml) at room temperature. To this 
was added DMAP (0.33 g, 2.7 mM, 7 equiv.), followed by the Castro reagent BOP (0.975 g 2 2 mM 6 eauiv ) 
The solution was stirred at room temperature for three days and then the solvent was evaporated and the oily 
rescue chromatographed tw.ce; firstly on a silica gel column eluting with CH 2 CI 2 plus 50/0 MeOH. and then on 
LH20 gel filtration column elut.ng with DMF. Evaporation of the appropriate fraction afforded the title 

s^^^^^ss^^ (67mg - i6o/o; mp - 108 - 11 °° C; <* 23 " ^' « ■ * s 

Example 52 : Cyclo-[(Hyp-Nle-Sar-(Me)Leu-Val-fMe)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(MetV all 

»^Hl^ n { °» M V" 1 mM J equiV ) " f0 " OWed by the Castro rea 9 ent BOP (2-61 g. 3.48 mM. 6 equiv) were 
Stva. OH(Wa^ S °' Uti0n ° f H : H yP- N,e -Sar-(Me)Leu-Va.-(Me ) Leu-A,a-D-A.a-( M e)Le2 (MejTeL 

^xture Sred a t 9 'lm i qU ' V V pre P ared . aS d6SCribed Examp,e 40) in CH2C, 2 < 25 1 >- an « the resulting 
mixture stirred at room temperature for three days. The solution was concentrated to (100 c m 3) and 

chromatographed on sihca gel eluting with EtOAc/MeOH (97:3). Evaporation of the appropriate fractions cave 

0 T^SS^ft ( °?„2' u 60/0) ; m P " 145 ° C; taJ23 " 152 " 4 °- (C ' 1 °- CH30H P ; P 8H(25? m5 CDCI3T 
0 70 - 1.26 [36H. m, CH 3 of (Me)Leu, Val. (Me)Val, Nle], 1.26 - 1.28 (3H d CH 3 -D-Ala) 1 35 - 1 18 nu h 

?^ la \ o f "If (12H " m ' P'V.o-CH 2 -Nle). t.85-2.44 (8H, m. p-CH-Val (Me)Val B-CH 2 -Hyp v Ch' 
(Me)Leu), 2.68 - 3.30 (18H. series of s, N-CH3), 3.84 - 3.90 (2H, d x d 6-CH Hyp) 4 29 4 33 (1H m v CH 

4 Hy 9 P 6 , • ill " ( 2 4 H 68 m 1 « CH^H L ^\^ H ^' ^ A72 ' 4 95 m." aS-iSa, t/a? MejJa'. S 
7™ , , Joo',^ °r CHl HyP ' Nle) ' 530 - 5 - 3 6 (2H, d x d. a-CH. (Me)Leu), 5.64 - 5.74 (2H d x d a-CH 

1 "ml % l^min'- 7 77 * NH ' Va,) ' 810 ,1H ' d ' NH - L - Ala) ' and 8 68 <'«■ * NH-N d .e,; S 
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25 Example 53 : In vitro tests of activity 

The activity of compounds of formula (I) was compared with that of cyclosporin A (CsA) in a mixed leucocyte 
cuKure us,ng mouse lymphocytes and allogeneic dendritic cells (DC). In this procedure antigens on the DC 
surface are presented to the lymphocytes which are stimulated to proliferate thus mimicking a graft?e ectfon 
response ^ Cyclosporin blocks this reaction by an effect on the function of the antigen-resenting as 
the com D oSL<r ,9 M h and Bed ? fd ' Transplantation Proceedings. 1987, 19. 320. The cyc.ospoSn-likeSvity of 
To DC °7Z ^ZlTrl P f T nt mVenti °: ,heref ° re be StUdi6d by co_m P a nng the response of lymphocytes 
to DC. rn the presence of the compound or of CsA. in terms of 3 H thymidine uptake for incorporation into DNA. 

35 Preparation of lymphocytes 

inl°S y nn? n T eS W T 6 PreSS ! d t n r ° U9h Wire mesh t0 give a sin 9 le ce » suspension. The suspension was 
cell suspension ' " 2 ^ non - adherent ce,ls to give a T-lymphocy\e enriched 
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Preparation of DC 

Single ceil suspensions of mouse spleens were incubated overnight at 37°C in plastic culture flasks 
Non-adherent cells were spun over a 14.250/o w/v metrizamide gradient and the low-density DC recovered* 

Test procedure 

tim D oc W J re ^ lS l d f ° r 2 h ° UrS With 3 ra " 9e 0f doses of tne compound under test or of CsA. then washed 4 
!m ™ , K eUk ° Cyte CU ' tUreS W6re Set up in Terasaki P ,ates in 20 h ^9'ng drops containing 5cS DC and 
100 000 lymphocytes Uptake of 3 H thymidine (2 Ci/mM) into DNa in a 2 hour pulse on day 3 o culture was 

sets ^^;^^:^%r°" - ■ * p — — • £xz 

Typical results are illustrated in the accompanying Figure for the compounds 
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(Me)Leu-(Me)Val-(Me)Ser-Abu-Sar 
(Me)Leu 

(D)Ala-Ala-(Me)Leu-Va1-(Me)teu 



(Me)Leu-(Me)Val-(Me)Thr-Abu-Sar 
(Me) Leu 

('o)A1a-A1a-(Me)Leu-Val-(Me)Leu 



( Me) Leu~( Me) Val -Hyp-Abu-Sa r 
(Me)Leu 

(D)Ala-Ala-(Me)Leu-Val-(Me)Leu 

and 

(Me) Leu-( Me ) Val -Hyp-N 1 e-Sa r 

(Me)Leu ' | 
(D)Ala-Ala-(Me)Leu-Val-(Me)Leu 



Claims 
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15 



20 



25 



the first of which is identified in the Figure as (A1) and (A2), the two forms differing in stereochemistry the 
second as Tb) and the third and fourth as (C) and (D) respectively, each of these hav.ng a 4-hydroxyprohne 
residue which is of the trans configuration. 
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1 A cyclosporin in which the amino acid residue at position 1 is either derived from 2-carboxyazet,d.ne^ 
2-carboxy- pyrrolidine or 2-carboxypiperidine, which may optionally be substituted on a ring carbon atom 4Q 
other than that at position 2 by an amino, methylamino, mercapto or hydroxy group, sa,d group optionally 
being in derivative form, and/or by an acyclic aliphatic hydrocarbon group, or is an am.no ac.d res.due 

RN ^(CH 2 )nX 45 

R' CH 
| I 
— N CH CO — 

wherein n is 0 1 or 2, X represents an amino, methylamino, mercapto or hydroxy group which may 
tonally be in derivative form, R represents hydrogen or. when n is 1 or 2 and X represents an ^amino 
methylamino mercapto or hydroxy group, or when n is 0 and X represents an ammo, methylam.no o 
mercapto group, R represents an acyclic aliphatic hydrocarbon group, and R< represents hydrogen or 
methyl ; and/or the amino acid residue at position 2 is an amino acid 55 
residue 

-NH- ^ -CO- wherein Ri represents an acyclic aliphatic hydrocarbon group of four or more carbon 
atoms optionally substituted at the Ci position by an amino, methylamino, mercapto or hydroxy group or 
such a group in derivative form. 60 
2. A cyclic undecapeptide of the formula (I) 
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AlO— An— A-| — A 2 — A 3 

A 9 | (I) 

As A7 A6 A5 — A4 



m^JnJ A ' n f her derived from 2-carboxyazetidine, 2-carboxypyrrolidine or 2-carboxypiperidine which 



CH 

R' I 
I I 

N CH CO— 



toOOH n iS °' 1 ° r , 2, * represents an amino - methylamino. mercapto or hydroxy group R represents 
hydrogen or an acychc ahphatic hydrocarbon group, for example of 1 to 10 anc particular^ of 1 tc ?6 carbon 
atoms, and R represents hydrogen or methyl; A 2 is an amino 



acid residue 



-NH- ch -CO- wherein is an acyclic aliphatic hydrocarbon qrouo for examnie nf 1 to fi r 3 rhnn ,1 . 

optional substituted at the C, position of the group R, by anamX metSmino 1 ^ 
grou* but w.th the proviso that when R, is a group or less than four carbon atorn? when A, is a 
heterocychc aminoacd residue or is an amino acid residue -R'N-CH(CHR(CH 2 )°X?-^ 

hydrogen or (b) R is an acyclic aliphatic hydrocarbon group and e ther n is 0 anTxTs an am ' 

aTouo Tis ?" merCaPt ° 9r ° UP ' " " " 1 " 2 and X iS 30 amin0 ' ^hylamlno mercapto or hyToxy 
N mf^ 3 , sarcos ™ res,due : A4 is an N-methyl-leucine residue; A 5 is a valine residue As ii ar^ 

ZZSEV^T^ M * a ' an,ne As to a " ala " ine r6Sidue; is an N-methyl-leucine 

2, > " h N-methyl-leucine or sarcosme residue; and A 1 1 is an N-methylvaline residue or such a 

p^is^^ more ° f any — ~ - ^™ 

r^"^^^ f ° C ' aim * WWCh *' 18 fr ° m 3 " ° r4 ' ^oxy-2-carboxypipe- 

4. An undecapeptide according to Claim 2, in which A, is an amino acid residue 



(CH 2 ) n X 
R'HN-CH-CO- 




* 2 ^,1 ° r ' !■ L hydr ° Xy ° r amin ° and R is hvdr °9en or a C,- 6 alky) or alkenyl group 
1 L^lnl fT P6P tlde ac , cordin 9 to Claim 2. in which (CH 2 )„X is hydroxy, rIs 1-methylpentyl or 
hydrogen' " * " methy ' ° r <CH2) " X te amin ° 0r ^nomithyl. R is hydrogen and R' °s 

6. An undecapeptide according to any of Claims 1 to 5, in which A 2 is an amino residue 

rreofllUoTgrnup " 3 ° 1 " 6 a ' kyl " a ' keny ' 9r ° UP " SUCh 3 9r ° Up SubS,i,u,ed at the C < P-i«on 

7. An undecapeptide according to any of Claims 2 to 6, in which A 10 is derived from N-methvl-leucine 

8. A cyclic undecapeptide which is of formula (II) * leucine. 
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(Me)Leu-(Me)Val-(Me)Bmt-Nle-Sar 



| 10 n 1 2 3 

(Me)Leu 9 



5 



| 8 7 6 5 4 

(D)Ala-Ala-(Me)Leu-Val-(Me)Leu 



10 



(ID 



in which all of the amino acid residues are of the L-configuration at the alpha carbon atom, except in the 15 
one case indicated, and the full configuration of the (Me)Bmt residue is S,R,R, or which has a formula 
which is a variation of formula (II) in which (Me)Bmt is replaced by the dihydro version thereof, by (Me)Ser, 
(Me)Thr (Me)Cys, Dab, Dpr or Hyp or its 3-hydroxy equivalent and/or, in those cases in which the residue 
at position 1 is not (Me)Bmt or (Me)Thr, in which Nle is replaced by Abu, Thr, Nle, Ser, Ala or Val, or a 
derivative thereof in which any amino, mercapto or hydroxy group in (Me)Bmt or Nle or their replacement 2 0 
in a variant from formula (II) is in derivative form. 

9. A pharmaceutical composition comprising a cyclic undecapeptide according to any of the preceding 
claims, or a physiologically acceptable derivative thereof in which one or more of said amino, 
methylamino, mercapto and hydroxy groups is in derivative form, together with a physiologically 
acceptable diluent or carrier. 25 

10 A cyclic undecapeptide according to any of the preceding claims, or a physiologically acceptable 
derivative thereof in which one or more of said amino, methylamino, mercapto and hydroxy groups is in 
derivative form, for use in therapy. 
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0 Cyclosporins. 

© Cyclosporins in which the amino acid residue at 
position 1 is either derived from 2-carboxyazetidine, 
2-carboxypyrrolidine (proline) or 2-carboxypiperidine ( 
which may optionally be substituted on a ring carbon 
atom other than that at position 2 by an amino, 
methylamino, mercapto or hydroxy group, said 
group optionally being in derivative form, and/or by 
an acyclic aliphatic hydrocarbon group, or is an 
amino acid residue 

R \ /" (CH2)nX 
R' CH 
t I 

CO — N CH CO 

< 

J2 wherein n is 0, 1 or 2, X represents an amino, 
fS, methylamino, mercapto or hydroxy group which may 

optionally be in derivative form. R represents hy- 
Sdrogen or, when n is 1 or 2 and X represents an 
<*> amino, methylamino, mercapto or hydroxy group, or 
_when n is 0 and X represents an amino, 

methylamino or mercapto group, R represents an 

acyclic aliphatic hydrocarbon group, and R repre- 
^sents hydrogen or methyl; and/or the amino acid 

residue at position 2 is an amino acid residue 



? 1 

-NH- C H -CO- wherein Ri represents an acyclic 
aliphatic hydrocarbon group of four or more carbon 
atoms optionally substituted at the Ci position by an 
amino, methylamino, mercapto or hydroxy group or 
such a group in derivative form, are of therapeutic 
value in various contexts in which the cyclosporins 
are used, for example as anti-bacterial agents and 
particularly as immunosuppressive and anti-inflam- 
matory agents. 
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